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PEEPACE 


E ach volume of The Citrus Industry is complete in itself, and this fact 
necessitates the restatement in each volume of the general plan of the 
' work. The first volume, Hilary, Botany, and Breeding, was issued in 
1943 (University of California Press, Berkeley and Los Angeles, xx+ 1028 
pages, 233 figures). The present volume. Production of the Crop, covers all 
the ordinary orchard practices employed in producing the crop: nursery 
methods, choice and use of rootstocks, planting, cultivation, fertilization, 
irrigation, pruning, protection against frost, treatment of diseases, pest con- 
trol, and related subjects. The third volume. Harvesting, Marketing, and 
Utilization of the Crop, is in course of preparation ; the date of issue, however, 
cannot yet be announced. 

As was stated in the Preface to the first volume, “the treatise is designed to 
present a comprehensive view of all phases of the great citrus industry, as a 
source of information and inspiration for growers, students, and investiga- 
tors. Thus a special attempt has been made to present the material plainly, 
yet in a thoroughly scientific way, so that it can, in general, be understood by 
intelligent growers.” The editors, however, have considered it fundamental 
that the scientific principles on which the various practices are founded should 
be explained. Some of the explanations in this volume may be too technical 
to be understood thoroughly except by specialists. 

Here, as in Volume I, the different chapters are prepared by authors chosen 
because they have special knowledge of the subjects treated and have investi- 
gated them intensively. There is naturally some overlapping of the different 
subjects, and — as occurs in all fields of science — some of the phenomena 
presented may be subject to different interpretations. The editors have at- 
tempted, so far as seemed desirable, to unify the statements; but each author, 
as an investigator, is entitled to his own opinion, and thus some slightly con- 
flicting statements — of no more than minor importance, however — ^may be 
found in different chapters. Bach author is responsible for the material pre- 
sented in his own chapter. 

In this volume, as in Volume I, the plan has been to present the matter as 
applicable anywhere in the citrus-growing world. Since the text is prepared 
in California by California investigators, it is inevitable that emphasis is 
placed on California practices; but this circumstance may render the treat- 
ment even more valuable to producers and specialists in other countries who 
are already familiar with the methods employed in their own regions. 

Two chapters in this volume deal with rootstocks. The first of these, chapter 
ii, discusses the rootstocks commonly used and their reactions. It is a general 
summary of our understanding up to the present, based, in large part, on 
“trial and error” methods. The relation of rootstocks to the spread or preven- 
tion of various virus and fungus diseases has stimulated, in all citrus- 
producing countries, an intense interest in rootstock problems, and thus 
it has seemed to the editors that this volume should contain a rather full state- 
ment of the results obtained in the rootstock experiments of the California 
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Citrus Experiment Station, which have been in progress for a quarter cen- 
tury. These are probably the most extensive and longest-continued experi- 
ments ever conducted with citrus rootstocks, and the results obtained have 
not been fully published. Chapter iii outlines, in the main, the results and 
conclusions thus far reached. Some data from them are also used in chapter ii 
to illustrate specific items ; and there is thus some little repetition in the two 
chapters. There are in the data here presented (chaps, ii and iii) many seem- 
ing inconsistencies that cannot at present be entirely accounted for : different 
reactions under different conditions as yet little understood. Much more 
extensive data must be acquired before the inconsistencies can be explained. 

Chapter xi, “Diseases and Their Control,” by Howard S. Fawcett and Leo 
J. Klotz, is designed to summarize and supplement the much fuller treatment 
of this subject published by Dr. Fawcett in a special volume {Citns Diseases 
and Their Control, McGraw-Hill Book Company, New York and London, 
1936; 656 pp., 187 figs.). The subject of chapter xiv, on “Insects and Mites 
and Their Control,” by A. M. Boyce, is more fully treated in a special text 
(Quayle, Henry J., Insects of Citrus and Other Suhtropical Fruits, Comstock 
Publishing Co., Ithaca, N.Y., 1938; 583 pp., 577 figs.). We are indebted to 
Professor Quasde for many helpful suggestions in the preparation of chapter 
xiv and for the use of many of his photographs. The general form of this 
chapter follows much the same composition as the special text on this subject. 
The two books referred to thus constitute, in effect, volumes in this series on 
the citrus industry and should be in the libraries of all citrus growers and 
technicians. 


The editors wish to express to the authors of chapters in this volume their 
heartfelt thanks for the kind and efficient cooperation they have given to the 
task of preparing and editing their chapters; without such assistance the 
work could not have been satisfactorily completed. It is also fitting that we 
should acknowledge the generous support given to this project by the authori- 
ties of the University of California, under whose general direction the work 
of the editors and most of the authors of chapters is conducted. We wish 
especially to thank Dr. Claude B. Hutchison, Vice-President of the Univer- 
sity and Dean of the College of Agriculture, and Mr. Samuel T. Parqnhar, 
Manager of the University of California Press, who have at all times given 
encouragement to the editors in their work. 


It is a special pleasure and privilege, also, to express to our colleagues, the 
various members of the staff of the Citrus Experiment Station, our apprecia- 
tion for their continued support and assistance. Almost every member of the 
staff has rendered some assistance in the preparation of this work, either by 
supplying ideas, material, or photographs, or by reading manuscript or proof 
The drawings and photographs used throughout the text are to be credited 
to the authors of the chapters in which they occur, unless other credit is 
specifically given A number of colored illustrations used in chapter vii 
Principles and Methods of Fertilization,” were originally made by the 
Florida Agricultural Experiment Station. Through the kind cooperation of 
the National Fertilizer Association, plates were lent us for reproducing these 
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colored illustrations. The editors are also indebted to Dr. A. F. Camp, Director 
of the Florida Citrus Experiment Station, for many valuable suggestions. 
The drawings illustrating chapter i, “Nursery Methods,” were made by Mrs. 
Lucene Hardin Webber (Mrs. H. J. Webber, deceased). 

The literature citations given at the end of each chapter in this volume have 
all been checked and edited by Miss Margaret Buvens, Librarian of the Cali- 
fornia Citrus Experiment Station. The manuscripts of chapters have been 
read and edited by Mrs. Prances Hayes, Publications Editor, and by Mrs. 
Helen Freeland, Administrative Assistant, both of the California Citrus Ex- 
periment Station. Mrs. Freeland has also assisted greatly in the mechanical 
details of preparing the manuscripts. Lastly, much of such merit as the pub- 
lication may be found to deserve is due to the able assistance of Mr. Harold 
A. Small, Editor of the University of California Press, in guiding the work 
into print. To all these and to many others not specially mentioned who have 
supplied data, or otherwise aided in the work, the editors wish to fespress 

their thanks. 

Ij. d. b. 

H. J. W, 

Riverside, California 
September 1, 1948 
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Chapter I 


NUESBRY METHODS 

BY 

HERBERT JOHN WEBBER 

T he methods^ used in the propagation of citrus trees do not differ mate- 
rially from those employed -with other fruit trees. The principles are 
the same for all plants ; hut experience has shown that for citrus some 
methods are preferable to others. The nursery methods now practiced in this 
industry are about the same the world over. 

Fifty years ago, the first and most difficult decision to make was whether to 
use seedlings or budded trees (W ebber, 1897, p. 471 ) . Fortunately, this matter 
is no longer in question. It is now well understood in all citrus-growing regions 
that the building of a successful commercial citrus industry must rest on the 
propagation and planting of 01113 ^ selected, disease-free varieties known to be 
suited to the region and to produce fruit of known good quality. Since the best 
commercial varieties do not reproduce true bs”^ seed, the 3 '^ must be propagated 
b}' budding or grafting, by cuttings, or the like. 

In general, the propagation of citrus varieties is accomplished by budding 
into seedlings of species known to give good results when used as rootstocks. 
It is highl}’- important to use rootstocks known to be adapted to the variety to 
be grown and to the region and soil on which the trees are to be planted (see 
chaps, ii and iii, below) . 

Budding is by far the most generally used method of propagation. Grafting 
apparently gives just as good results, but it is more difficult and slower. Some- 
times propagation is effected by means of ]a 3 ’^ers, inarcotts, and cuttings ; but 
these methods are at present little used in the principal citrus regions, though 
they apparently have a definite place in the industry in some sections. 

The propagation and growing of trees in a nursery is highly specialized, 
intensive work, and only those who give careful attention to all phases of the 
subject are likely to obtain satisfactory results. 

SEEDS FOR ROOTSTOCKS 
KIND OF SEED TO BE USED 

The seeds most commonly used for citrus rootstocks in the United States 
are those of the sweet orange, sour orange, grapefruit, shaddock. Rough lemon, 
and trifoliate orange. In other citrus-growing countries different species or 

1 Tlie methods outlined in this chapter are those tested or studied by the writer and com- 
monly used in California and Florida. Many variations of these methods and other methods 
are in use, but the ones described here are standard and may serve as helpful guides. Im- 
portant literature on this subject not specially referred to in the text includes the follow- 
ing: Brown (1924) ; Camp (1938, 1945) ; Hatton et al. (1932) ; Henricksen (1904) ; Nagai 
and Takahashi (1928) ; Provan (1933) ; Rolfs (1913) ; Rolfs and Rolfs (1931) ; Tanaka 
and Tanaka (1932) ; Turner (1923) ; and Wester (1916). For complete data on citations 
see “Literature Cited” at the end of the chapter. 


[ 1 ] 



2 


Citrus Industry: Production of the Crop 


varieties are sometimes used, as, for instance, the sweet lime in Palestine, the 
yuzu orange in Japan, and the Galamondin and mandarin in the Philippine 
Islands. The stock to be used for any particular variety in a given place must 
be carefully chosen in accordance with what is known to be good practice in 
that place (see chaps, ii and iii, below). A stock successful with a certain 
variety in one place may not be satisfactory in another. 

In the determination of the stock to be used, emphasis has heretofore been 
placed on the species ; it was thought to be sufficient merely to decide between 
sour orange, sweet orange, or grapefruit, and the like. It is now generally 
recognized that the seedlings produced by different varieties of any of these 
species will themselves differ and that it is highly important that the seed for 
growing stocks should be taken from selected trees of the species to be used. 
The evidence thus far available indicates that this is very important where 
the sour orange, sweet orange, or grapefruit is used; it is less important where 
varieties such as Eough lemon, Palestine sweet lime, or Sampson tangelo are 
to be employed, since they are known to reproduce remarkably true to type 
through seed propagation. 

Until special rootstock varieties are available for propagation, especially to 
produce seed for nursery purposes, it will be necessary to take the seed from 
selected healthy ti-ees of the species chosen. In California, good trees of root- 
stock types known to be free from the virus of scaly bark are being chosen and 
registered by state agencies as approved sources for rootstock seeds. 

The reactions of various stocks on different varieties of citrus and the meth- 
ods of stock selection are fully discussed in the next chapter. 


SOXTECE OP SEED 

The seed for use in each country or each citrus region is generally obtained 
from local trees. Citrus seed very soon loses its vitality if dried ; it is thus 
usually impractical to obtain seed in bulk from any great distance. Most of 
the sour orange seed that for many years has been extensively used in Cali- 
fornia for nursery purposes is produced in Florida and Cuba’— probably a 
unique situation ; at any rate, the writer does not know that the citrus industiy 
elsewhere depends in any marked degree on importations of seed for its nurs- 
eries. Most of the Rough lemon seed for nursery use in California is imported 
from Florida, but only small quantities are used. 

In almost all citrus-growdng countries there are trees enough of the 1rir.,tQ 
desired for stocks to assure a local supply of seed from known good trees. 
Aurserymen should propagate and grow a sufficient number of trees of the 
best stock varieties to produce, for themselves, a supply of seed of known 
varieties and of known freedom from disease. They will thus be able to dem- 
onstrate to growers the type of stocks they are using, a matter likely to become 
increasingly important. 

Whatever species or variety may be used for stock, the seeds should always 
be taken fr om good, fully matured fruits grown on vigorous, healthy trees. 

from tSte DepTw^^^^^ ‘’Warned 
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Very few diseases are known to be transmitted through the seed or on the 
seed, except to a very limited degree; but in any case, seeds from healthy trees 
are safer to use and are generally more vigorous than those from unhealthy 
or inferior trees. The seeds from frost-injured fruits are evidently as good to 
use as those from unfrosted fruits. This was found to be true with frozen fruit 
in Florida after the very severe freeze of 1894-95. 

EXTBAOTION OP SEED, AND AMOUNT NECESSAEY 

The most common method of extracting the seed is to separate the fruits 
into halves by making a shallow cut through the skin and twisting them apart. 
The contents are then squeezed into a large sieve having a mesh coarse enough 
to let the juice and pulp be washed through. Another common method is to 
place the fruits in barrels, cover them with water, and permit them to stand 
until the soaking and rotting softens the peel so that the whole fruits can be 
thrown into a large sieve and the seeds washed clean of pulp. Some nursery- 
men have devised threshing machines that tear the fruit into shreds, wash the 
seeds out, and separate them from the pulp ; but such machines are not reg- 
ularly manufactured. 

It is important to provide a larger number of seeds for planting than the 
number of seedlings desired. In the majority of citrus species and varieties 
the seeds are polj'embryonie, and frequently from two to three seedlings 
develop from one seed. The number of seedlings obtained may, indeed, exceed 
the number of seeds planted ; but this rarely occurs. Usually, a stand of one- 
half to three-fourths as many seedlings as seeds planted may be considered 
a fair return. The small, slow-growing seedlings should be discarded, a process 
which further reduces the number. It is thus safe to say that at least twice as 
many seeds should be planted as the number of seedlings desired. 

As a guide to the number of fruits required to supply the planting seed 
desired, one fairly accurate method is to make an estimate of the average 
number of seeds per fruit by counting the seeds in from twenty-five to fifty 
fruits of the stock variety. The number of seeds produced by the same variety 
may vary from one year to another, and accurate methods of calculation are 
therefore desirable. 

Seeds of different species of citrus also vary greatly in number per fruit 
and in size (see Vol. I, fig. 191, p. 799), and the estimate of seed number for 
one species has no relation to the numbers to be expected in other species or 
in different varieties of such species. 

Citrus seed for nursery use, especially of the sour orange, is frequently 
harvested in quantity and sold in built by the pound or bushel. Estimates of 
the number of seeds for such units of measure are so variable as to be of little 
value. Seed supplied in large quantities in bulk is almost invariably taken 
from unselected trees, and the use of such seed of unknown heritage for root- 
stocks should be discouraged. 

Citrus seeds of the same variety vary greatly in size, even in the same fruit, 
and there are many rudiments with undeveloped embrjms. Some growers have 
taken the trouble to separate and discard the small seeds ; but the rudimentary 
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seeds in vvliich the embryos are not developed are light and most of them can 
be floated out when the seeds are in water and being washed clean of pulp. This 
is the only separation that need be made. A separation based on size or weight 
is of no value with citrus seeds, for a small seed may have one large embryo 
whereas a much larger and heavier seed may have several embryos none of 
which is as large as the one embryo in the smaller seed. 

STOHAGE OE CITRUS SEED 

If citrus seed is allowed to dry, it soon loses its vitality. If the seed is to be 
kept for some time, say several months, it should be surface-dried quickly 
after being thoroughly washed, and should then be mixed with equal parts of 
ground charcoal, packed in a tight wooden box or tin container, and kept in 
a damp, cool place, preferably between 38° and 55° F. 

Sweet orange seed and grapefruit seed are somewhat more quickly injured 
by drying tlian the seed of the sour orange or the Eough lemon ; but although 
seeds of different species may show some difference in susceptibility to injury 
by drying, this difference is slight, and no citrus seed can safely be kept for 
long. Sometimes the seed is harvested in the early whiter, stratified in clean 
sand (instead of ground charcoal), and kept through the winter in a cool, 
damp cellar. This is not a practice to be generally recommended. 

THE SEEDBED 

LOCATION AND ARRANGEMENT 

If only a few seedlings are to be grown, the seeds may be planted in boxes 
of convenient size, containing soil 8 to 10 inches in depth. The boxes should 
be put in a warm, partly shaded place, and the soil should be kept moist but 
not wet. If large numbers of seedlings are to be grown, special seedbeds should 
be prepared in comparativelj' warm places on good, well-drained soil. Almost 
any type of soil may be used, but a rather light sandy loam is to be preferred. 
It is desirable to use virgin soil, if that is obtainable, or soil which has not 
for several years been used for the growmg of citrus seedlings or vegetables. 
If a seedbed is grown on the same land for several years in succession, the 
soil is likely to become so much infected with damping-off fungi as to cause 
serious loss. It is further desirable to select a site at some distance from other 
citrus plantings, in order to reduce the danger of infestation with pests. 

The soil, if fairly rich, may not require fertilization, but on light soils that 
are deficient in plant food some fertilization should be given before planting. 
For this purpose commercial fertilizers, rich in nitrogen, such as are recom- 
mended for young trees and vegetables, should be usei In California an 
application of some soluble nitrogen carrier, such as sulfate of ammonia or 
nitrate of lime, is usually all that is required. About the same quantities should 
be used as would be applied in the fertilization of an area of equal size in a 
mature citrus grove.^ The use of organic manures on seedbeds is not usually 

'■ This incans the application of about 2 to 4 lbs. of sulfate of ammonia or 2% to 5 lbs. of 
nitrate of lime (approximately 6 to 13 oz. of actual nitrogen) to each 100 so. ft. of soil 
surface. 
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considered safe, owing to the greater probabilities of introducing damping-off 
fungi. Any fertilization given before the seeds are planted should be spread 
and thoroughly mixed with the soil by tillage a month or more before the seeds 
are planted. Young seedlings are frequently burned and injured if the seeds 
are planted too soon after the application of the fertilizer. Land for planting 
should be thoroughly and deeply tilled and put in good physical condition. 
If too loose, it should be firmed with a light roller. It is then ready for planting. 

In all citrus regions, seedlings are generally grown under some sort of shed 
(fig. 1), in order to provide a certain amount of protection from the full rays 



■ Fig. 1. Citrus seedbeds under lath shed, irrigated by sprinkling from overhead pipes. 
(Tetley Nurseries, Biverside, California.) 


of the sun, to check the evaporation of moisture fi’om the plants and the soil, 
and also to serve as a protection against injury from freezing. They make a 
better growth when thus protected. In California such sheds are usually cov- 
ered with building lath nailed to boards in standard-sized sections, with open 
spaces of equal width between laths. In this way a half shade is provided. The 
laths are usually run north and south in order to provide a more uniform dis- 
tribution of the sunlight exposure and to prevent burning of the foliage. 

In Florida similar sheds are employed, but boards (1 in. by 3 in. by 16 ft.) 
are generally used instead of lath for the cover, the boards being placed 3 
inches apart to give the half shade. Sheds covered with a thin cloth, such as 
cheesecloth, are also sometimes used. 

It is by no means necessary, in humid countries, to place the seedbeds under 
shade. Some nurserymen plant part or all of their stock in the open without 
shade. If this is done, it is necessary to give more careful attention to the water- 
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ing during the early period of germination and growth, or the proportion of 
seedlings obtained is likely to be much lessened. Unshaded seedlings in Cali- 
fornia rarely give as good a growth as those in sheds. On the other hand, one 
of the most experienced nurserymen in Florida states : “The better plan is to 
provide ample irrigation and grow the seedlings in the open, i.e., without 
shade, and sow the seed late enough to escape frost injury. In Florida, experi- 
ence has shown that in this way excellent seedbeds may be grown on the same 
soil for many years, and, if careful attention is given to irrigation when the 
seedlings are coming through the ground, there is no danger of having the 
crooked stems [i.e., when just coming through the soil] injured by sun and 
wind.” (Hume, 1926, p. 166.) 

There are many ways of arranging seedbeds. In all, however, care must be 
taken to provide for tillage, and if the beds are in a lath house the arrange- 
ment must be adapted to the type of irrigation to be used and to the spaces 
between the posts. 

When furrow irrigation is employed, it is a common practice to plant the 
seeds in long beds or strips about 10 to 12 inches wide, with spaces of similar 
width between the beds to provide for the irrigation furrows and for tillage. 
Approximately every sixth bed or row is omitted to allow for a pathway to 
facilitate working around plants. This, with slight variations, is the common 
practice in California in lath-house culture. If facilities for irrigation by 
sprinkling are available, seedbeds 3 to 4 feet wide may be planted, with paths 
12 to 18 inches wide left between them to make cultivation easier (fig. 1). 
Almost any arrangement of beds may be used, if satisfactory provision is made 
for irrigation and tillage. 

If seedlings are to be grown on a very large scale in the open, they may be 
planted in rows or narrow beds with a 2%- to 3%-foot space between them to 
provide for cultivation. 

PLANTING AND GEBMINATION OP SEED 

The seed is usually planted in the early spring after the danger from frosts 
is past. In both California and Florida most of the planting is done between 
early March and late April, though planting may be done during any of the 
spring or summer months, whenever the seed is available. It is preferable to 
get the seed planted fairly early in order to have the benefit of the full growing 
season. The only exception, among the species now used as stocks, is the 
trifoliate orange, the seed of which is planted in October or as soon as the 
fruit is fully ripe. 

Citrus seeds will start to germinate when the soil temperature somewhat 
exceeds 55° F., which is approximately the zero temperature of growth (see 
Vol. I, p. 58). The temperature of the soils of southern California commonly 
reaches this point about the first of March. If planting is too early, a 'warm 
period, which causes germination to start, may be followed by a cold period, 
and the seed is then likely to rot in the ground. Good germination is usually 
obtained when the mean daily temperatures range between 58° and 65° F., and 
where citrus is grown in California these temperatures are usually reached 
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in the middle or latter part of March or in April. Under conditions permitting 
the temperature to be controlled and kept uniform, optimum germination is 
obtained at a temperature of approximately 80° to 90° F. (see Vol. I, pp. 
56-58; also Fawcett, 1929 ; Camp, Mowry, and Loucks, 1933). 

The seed, if not freshly extracted from the fruits, is often placed in mod- 
erately warm water and allowed to soak for twenty -four hours or more before 


planting. Some nurserymen incu- 
bate the seed in warm, moist 
chambers for several days before 
planting, mixing the seed with an 
equal amount of moist sand and 
holding it in a moist chamber at 
a temperature of about 90° F. 
The object of these measures is 
twofold : first, to hasten the proc- 
ess of germination, and second, 
to prevent the development of 
“gooseneck” or “bench root” in 
the seedlings. 

Frequently, a rather large pro- 
portion of the seedlings will show 
a more or less S-shaped curve 
(gooseneck or bench root) in the 
young root-stem or hypocotyl 
(fig. 2) as they emerge from the 
seed, and this is thought to be in- 
jurious to the future grow'th of 
the seedling. Ralston (1915) pub- 
lished data indicating that tliis 
bending of the hypocotyl is caused, 
to an appreciable degree, by the 
resistance which the dry seed 
coats present to the emergence of 
the young roots. The proportion 
of bench-root seedlings formed 
was considerably reduced by soak- 



Fig. 2. Seedlings showing cxti’cme gooseneck 
or bench-root condition. Such seedlings should be 
discarded. 


ing the dry seeds in water for 24 

to 36 hours before planting, or by planting fresh seed direct from the fruit. 
Nasharty,^ however, has found that the crowded nucellar embryos developed 
in citrus seeds frequently grow in such positions that the hypocotyl (root end) 
may be turned at various angles away from the mieropylar end of the seed, 
from which the roots emerge in germination, and that the abnormal position 
of the embryo may cause various degrees of curvature or even complete turns 
to be made by the roots as they emerge. The “gooseneck” formed in the roots 


» Ahmed H. Naaharty, of Alexandria, Egypt, a special student at the University of Cali- 
fornia, Los Angeles. Unpublished data communicated to the writer. 
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of such embryonic seedlings apparently could not be much influenced by the 
soaking and softening of the seed coats. 

Experiments conducted by seveiul nui-serymeu, and observed by the writer, 
seem to show that the “gooseneck” condition exhibited by seedlings is com- 
monly not so abnormal as to result in permanent injury. Apparently, only 
very severe cases of gooseneck are to be considered as injurious (fig. 2), and 
seedlings showing such abnormalities should be discarded when they are dug 
from the seedbed. 

Citrus seed is ordinarily planted by hand, the seeds being placed about 1 
inch apart each way in the beds, and from % inch to 1 inch deep. A method 
commonly followed is to spread the seed as thickly as desired on the surface 
of tlie soil in the beds and then to press them into the soil by placing a board 
over tliem and walking on it. This presses the seed down firmly in the soil in 
the normal position — ^they should lie on their sides as they naturally fall. 
The bed is then covered to the desired depth, about % inch, with a layer of 
clean river sand. The ground should always be moist at the time of planting. 
The seed may also be sown in shallow furrows and afterward covered with 
ordinary soil, if sand is not available. The sand covering helps to prevent both 
the spread of dampiiig-ofl: fungi and the formation of a surface crust which 
might hinder the emergence of the tender young shoots. Under the most favor- 
able conditions the jmung shoots may appear above the ground in two weeks, 
but usually a month or six weeks is I’equired. 

OAEE AND TILLAGE 

The seedbed must be handled carefully if it is to be maintained in a healthy 
condition. It must be kept free from weeds and just moist enough to encourage 
growth. An ov^ermoist condition which would encourage the development of 
daiuping-oll should be avoided. The fmigi producing the disease known as 
“damping-off” cause more damage in seedbeds than any other disease-produc- 
ing agents. They are likely to be present in soils containing decaying organic 
matter, and to infect the young shoots at or near the surface of the soil. They 
spread very rapidly in the soil, under favorable conditions, and it is not un- 
common to find that the plants on a sizable area have withered in a single night. 

Conditions favorable to damping-off are wet soil, dense shading, humid 
atmosphere, and overcrowding. The control methods that can be used suc- 
cessfully are mainly preventive, such as irrigating at less frequent intervals 
and using a clean sand covering for the seeds. The sand covering will allow 
the surface of the soil, where infection most frequently occurs, to dry off 
quickly after irrigation. If an infection appears, a thorough, shallow cultiva- 
tion should be given in order to dry off the surface soil, and the shade should 
be reduced if it is too dense. The seedlings may also be pulled up for a space 
of a foot or more around the diseased spot and thinned out in a circle several 
feet in diameter. Spraying with bordeaux mixture or treatment with Semesan 
is also advocated by some. 

Weindimg and Fawcett (1936) in exiieriments with Rhizoctonia solani, one 
ot the most common damping-off fungi attacking citrus seedlings in Cali- 
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fornia, found that applications of aluminum sulfate gave a marked degree 
of control. The chemical was applied to the surface of the soil before seeding, 
at the rate of 35 grams per square foot, and raked into the top inch of the soil. 
By this means the loss was reduced from more than 31 per cent, as shown by 
untreated plots, to 1.7 per cent for the treated plots. The effect of the treat- 
ment was explained as primarily due to the action of the aluminum sulfate in 
increasing the acidity of the soil and thus favoring the growth of a secondary 
parasitic fungus, Triehoderma, commonly present in soils, which attacks and 
destroys the Bhizoctonia fungus. 

A similar control was obtained by covering the seed to a depth of about % 
inch with peat. Neither of these treatments has as yet been commonly used 
in commercial nurseries. 

A type of gummosis due to the brown rot fungus sometimes causes damage 
in the seedbed after the seedlings have reached a height of 8 inches or more. 
It appears as an exudation of gum just above the ground. If the disease is 
found to be prevalent, the plants should be sprayed with weak bordeaux mix- 
ture (2-2-50) , care being taken to cover the stems near the ground. 

Reichert and Perlberger (1936) and Reichert (1938) have made extensive 
studies of the diseases causing injury in citrus seedbeds in Palestine. Twenty- 
eight different diseases were identified, and losses of from 30 to 90 per cent of 
the plants were recorded. The most important diseases were found to be fungus 
root rots caused by species of Bhizoctonia, Sclerotinia, and Phytophthora, 
and a physiological disorder, albinism. The best method of control for these 
fungus diseases was found to be : (1) the disinfection of the seed by soaking 
for 30 minutes in a solution of “Uspulun” or “Ceresan,” strength 1 : 1,000 ; 
(2) germination in cold seedbeds; (3) daily airing [removal of covering shade 
for short period] ; and (4) weekly spraying with bordeaux mixture, strength 
0.5 to 1.0 per cent [2-2-^0 to 1 1 50 mixture] . 

Albinism, or the production of white, chlorophyl-lacking seedlings, which 
caused an estimated loss of 30 per cent in seedbeds of sweet lemon (the Pales- 
tine sweet lime) in Palestine (Reichert and Perlberger, 1936), was eliminated 
by disinfecting tlie seeds with a solution of “Ceresan,” strength 1 : 1,000. 
With sour orange seeds, a disinfection with 1:2,000 solution gave complete 
control. 

After the seedlings reach a height of 4 or 5 inches, they are not so susceptible 
to attacks of damping-off and may then be irrigated rather more liberally to 
force the growth. Where the soils lack plant food, several light applications 
of fertilizer may be made during the season. Frequent shalloAV cultivations 
should be given and all weeds should be removed. 

The seedlings are usually allowed to remain in the seedbed for one or two 
years, or until they reach a diameter of about %o inch to 14 inch. In many 
places this will require two years, but where the soil is rich and the tempera- 
ture is continuously high they will attain the required size in one year. It is 
poor policy to transfer seedlings to the nursery before they reach the proper 
size, as their care is less expensive in the seedbed. Little saving in time is made 
by their transfer earlier, as it is not advisable to bud them until they reach a 
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diameter of about % inch. Some very rapidly growing rootstocks, such as the 
Eough lemon, may attain the proper size earlier than seedlings of sour and 
sweet orange, which are slow growers. It should be said that some nurserymen 
bud their trees when they are much smaller and rarely or never leave the trees 
more than one year in the seedbed and one year in the nursery before budding. 

DIGGING AND SELECTION OF SEEDLINGS 

The seedlings are dug from the seedbed just before they are transplanted 
to the nursery. The beds should be thoroughly irrigated several days before 
the digging, so that the soil will be in good condition. 

The seedlings are dug from the bed by lifting them with a spade or spading 
fork. If they are comparatively small, the best plan is to use a spading fork 
to loosen the earth, after which they can be lifted out by hand. If, however, 
they are as large as they should be after two years in the seedbed, it may be 
necessary to use a sharp spade to cut the taproots about 8 to 10 inches below 
the surface and loosen the plants before lifting them out by hand. 

As the plants are dug they should be placed in tubs, with their roots in water, 
for removal to the packing shed for grading and preparation. The packing 
shed should be well protected from drying winds and should exclude sunlight. 
If a moderate wind is blowing, a canvas should be thrown around the packing 
shed. 

In the packing shed the seedlings should be examined and the good ones 
selected for planting in the nursery. All small, diseased, or imperfect plants 
should be discarded. Too much emphasis cannot be placed on the importance 
of rigid selection at this time. Most of the dwarfish, “off-type,” variant seed- 
lings, worthless as stocks, will be eliminated if the small seedlings are thrown 
out. (For full discussion see chap, ii, p. 139.) AU seedlings showing any dis- 
ease should also be discarded, as well as any showing severe gooseneck (bench 
root) or other imperfections. If this selection is properly carried out, probably 
a fifth to a fourth of the seedlings will be discarded at this time. 

After the seedlings are graded, the tops and roots are cut to the required 
length. The roots are usually cut back to a length of about 8 inches, and about 
one-third of the top is removed. The seedlings are then packed in pails or tubs, 
with the roots in water, for removal to the nursery ; or they are bunched and 
packed in boxes with damp sphagnum moss or sawdust for shipment. Every- 
thing must be done quickly, for citrus plants are easily injured by drying of 
the roots. 

THE NURSERY : ITS ARRANGEMENT AND CARE 
WHY PLANT IN A NHESEEYt 

Seedlings are usually transplanted to a special nursery in which they are 
grown close together until they reach the proper size for budding. They are 
then budded, and the buds are forced and grown into the standard nursery 
trees. 

Growers who produce their own trees sometimes transfer the seedlings from 
the seedbed direct to the orchard and there do the budding at the appropriate 
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time. The trees may then continue their growth without the interruption of a 
second transplanting from the nursery to the orchard. But this means that 
one must walk over, cultivate, and irrigate an acre of orchard land instead of 
the 100 feet of a nursery row. Furthermore, the loss of a seedling in trans- 
planting or budding is much more serious in the orchard than in a nursery 
row. Experience has shown that little time is saved by direct transplanting to 
the orchard, and the greatly increased expense and hazard resulting from this 
method render the use of a nursery desirable. 

SELECTION" OP NUESEBT SITE 

The nursery should be in a warm place where the danger from frost injury 
is reduced to a minimum. It should preferably be on a deep, rich, fine sandy 
loam or loam soil, free from stones and containing clay enough to make the 
soil hold together and to permit “balling,” if this method of transplanting 
is to be used. If the trees are to be balled, it is important that the nursery soil 
be of the same texture as the soil of the grove into which the trees are to be 
planted ; or, if not the same texture, then lighter. If the nursery trees are to 
be transplanted “bare-root” to the orchard, it probably does not much matter 
what type of soil is used in their production. However, Nusbickel has stated : 
“It is my belief that stock raised in a light soil will give many moi-e fibrous 
roots than that raised in a heavy soil, and that a tree which is to be transplanted 
‘bare root’ should have the fibrous roots which a sandy or loam soil produce.”* 

If the soil is not rich enough, it may be improved by a cover crop turned 
under six weeks or more before the seedlings are planted, or by a dressing of 
well-rotted manure or commercial fertilizer turned under several weeks before 
the seedlings are planted. The ground should be plowed deep and should be 
thoroughly tilled before planting. 

PLANTING THE SEEDLINGS 

In California the seedlings are transplanted to the nursery in early spring, 
preferably in March or April. In Florida the ordinary time of transplanting 
is in November or December, but the seedlings are often planted in summer, 
when rains occur (Hume, 1926, p. 167). 

The seedlings are set in straight rows, carefully laid out from 3^^ to 4 feet 
apart, with the plants spaced from 12 to 15 inches apart in the rows. A plant- 
ing line with the proper spacing marked on it may be used to insure good 
results. A three-wheeled marker with blocks attached for proper spacing 
drawn down the line will speed up the planting. 

The holes in which the seedlings are to be planted are usually made by 
thrusting a nursery dibble (fig. 3) or spade into the ground and pressing the 
soil apart so as to leave an opening of the desired depth. The root of the seed- 
ling is then placed in the opening and held erect at approximately the same 
height as in the seedbed while the soil is pressed firmly around it with the foot. 
In placing the seedling in the hole, it is highly important that the young and 

‘ E. H. Nusbickel, a well-known California nurseryman, in a letter to the editors, January 
20, 1944. 
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flexible main root sliould not be pushed down with the end bent upward; it 
should be kept straijjht so that it will grow in a natural position. Some care 
is also necessary to make sure that the soil is pressed firmly around the base of 
the root as well as around its top. In arid countries irrigation should follow 
the planting in each row as soon as possible. 

In the employment of one method of planting in California, irrigation fur- 
rows are so made as to mark the planting rows. Water is run into the furrows 
for a short time before planting, in order to moisten the 
dry and crumbly surface soil so that it will not rattle 
into the dibhle holes. The seedlings are then planted, 
and the soil is firmed around them, after which the water 
is again run down the furrows to firm and settle the soil 
thoroughlj' around the plants. Since the water should 
be run in direct contact with the seedlings, it is best to 
plant in shallow furrows and place the seedlings slightly 
liigher than would be done in level soil. 

In good nnrseiy soil that is not too sandy the planting 
may be done quickly by opening up a 10-inch-deep fur- 
row with a plow having a good sharp colter. The seed- 
lings are then held in place against the clean vertical 
cut face, and the earth is filled in around them. The 
water should follow close behind the filling-in. 

In regions where irrigation is not used, planting 
should be done when the soil is moist, and if rain does 
not follow soon, the seedlings should be watered to firm 
the soil and give them a proper .start. In most citrus- 
growing countries it is difficult to grow good nurseries 
unless facilities for irrigation are available. 

CULTIVATION, IRRIGATION, AND FERTILIZATION 

The nursery must be kept thoroughly cultivated and 
free from weeds at all times. In arid, irrigated sections, water should be ap- 
plied about every 10 to 15 days. In heavy soils less fi’equent irrigation may 
be recjuired. In some very rich soils no fertilization is required, but fairly 
heavy fertilization usually improves the growth. In California the general 
practice is to use some form of nitrogen, such as nitrate of lime, nitrate of 
soda, sulfate of ammonia, or dried blood, applied at a rate to give from 200 
to 300 pounds of actual nitrogen per aci’e. The general policy is to put this on 
in two equal applications, one in early spring and the other in midsummer. 
In Florida, complete commercial fertilizers rich i]i nitrogen, such as are rec- 
ommended foi’ vegetables, are commonly used, and are given in two or three 
applications. 

h ertilizevs are spread broadcast on the soil between the rows and are culti- 
vated in, unless they are in the form of soluble materials such as nitrate of lime 
or sulfate of ammonia. These materials may be spread in the freshly opened 
irrigation furrows to be carried down by the water, which is turned on and 
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allowed to trickle sloAvly through the furrow. In California, such soluble mate-'%_ 
rials are sometimes applied in the irrigation water through the use of special 
applicators connected to the irrigation system. Every effort should be made 
to keep the seedlings growing vigorously. 

If the seedlings are of good size, about ^ ineh in diameter, when trans- 
planted to the nursery, they should reach the best size for budding by the 
next faU, or within about 6 months. After insertion, the buds should produce 
good-sized trees suitable for transplanting by the second spring following, 
which will be about 18 months after the buds are inserted. 

The best-sized trees to bud are those that have reached a diameter of from 
% inch to % ineh, from 4 to 8 inches above the ground. 

BUDDING THE NURSERY SEEDLINGS 

WHEN TO BUD 

Budding can be done whenever the nursery seedlings reach the proper size 
and are in such a growing condition that the bark will slip to allow the inser- 
tion of the buds. A decade or two ago, budding was most commonly done in 
the early spring as soon as the bark would slip ; but this is generally the rush 
season for all grove and nursery operations. The seedlings that are ready to 
bud in the early spring could have been budded the fall before, as there is little 
growth during the winter. Pall huddiiig, or “dormant budding,” as it is called, 
has thus become almost the universal practice in commercial nurseries. Two 
factors favor fall budding. First, the major operations may be carried out in 
the early faU, from September to November, when there is a slack labor period. 
Second, seedlings budded in the fall can be cut back in the early spring just 
before growth starts. All the growth of the season is thus forced into the bud, 
and the result is a larger season’s growth than can be got from spring buds. 

The principle in fall budding is to insert the buds and get them healed on 
just before the arrival of the winter’s cold, so that they will remain dormant 
during the period of arrested development of the rootstock trees. Since the 
growth stops and the bark sets at different times, because of varying climatic 
conditions and variation in stock varieties used, careful attention must be 
given, in any locality, to tlie time of budding. At Riverside, California, fall 
budding is usually done between the 10th and 20th of October, but the period 
varies slightly in different seasons. Trifoliate orange seedlings frequently must 
be budded earlier. In the Oroville section of northern California, fall budding 
must usually be done ten days earlier than at Riverside. In Florida it can 
usually be done successfully as late as November. 

PEEPAEATION OF SEEDLINGS FOE BUDDING 

111 order that seedling development may be as large as possible, little prun- 
ing is done in the nursery. Pruning tends to retard the growth and, if severe, 
greatly reduces the size of the seedlings and prolongs the period necessary to 
hold them in the nurserj'^ before budding. 

It is usually considered desirable to examine the seedlings soon after their 
growth is well started, for the purpose of finding and removing any vigorously 
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growing shoots that spring from the main trunk near the base, where the bud 
must later be inserted. This pruning to force the growth mainly into a single 
trunk up to the height of the bud insertion (G to 10 inches) is certainly the 
only pruning of nursery -stock seedlings that is justified, and it should extend 
only to the removal of branches that threaten to divide the growth of the main 
trunk. Even this pruning is frequently omitted. 

Shortly before the budding, then, the seedlings are pruned to a single bare 
trunk up to a height of 6 to 10 inches, depending upon the height of budding 
adopted. Severe pruning on a young tree tends to “set the bark” so that it 
will not slip again until new growth starts. It is therefore advisable to do the 
preparatory pruning two weeks or more before the budding starts ; otherwise 
the pruning should be done at practically the same time as the budding. 

Sour orange, Rough lemon, citrange, and trifoliate orange seedlings tend 
to grow upright, with a single trunk, and usually require but little pruning. 
Sweet orange, shaddock, grapefruit, tangelo, and mandarin orange seedlings 
tend to form low and bushy heads and usually require considerable pruning. 

BUDWOOD TEOM SELECTED MOTHER TREES 

Buds for propagation should always be taken from carefully selected trees 
of the variety desired : it is not sufiBeient to know merely that the buds are 
being cut from trees in a good grove of the variety. This necessity for exercis- 
ing careful selection in the choice of mother trees rests primarily on two con- 
siderations : first, the variation in varieties and the consequent importance of 
taking buds from trees of the best strain of the variety ; and second, the trans- 
mission of virus diseases and the desirability of being certain that the scions 
are from healthy trees. 

As for the first of these considerations, it may be pointed out that bud sports 
frequently occur in all citrus varieties, and that these off-type sports are 
transmitted by bud propagation. This has been demonstrated beyond question. 
If, therefore, no tree and bud selection is exercised, poor and worthless types 
are certain to be propagated frequently. 

All trees from which buds are to be cut should be very carefully examined 
while they are carrying a full crop of mature fruit, and buds should be taken 
only from those trees that are found to be vigorous and productive and to 
bear only good fruits typical of the variety. If the tree is found to bear abnor- 
mal fruits, it should be discai’ded as a source of budwood. 

Much has been written on the desirability of taking budwood from perform- 
ance-record trees (see Vol. I, chap, x; also Shamel, 1920). The policy cannot 
be too highly commended, as it is only by following the production and char- 
acter of the fruit through several years that a complete understanding of the 
heritage and capacity of a tree can be obtained. That it is necessary to take 
buds from high-yielding trees has frequently been questioned, on the grounds 
that yield is in large measure determined by environmental factors. This may 
be granted, but the fact remains that some strains or varieties naturally pro- 
duce higher yields than others. A tree may be of low or moderate yield by 
reason of poor rootstock or poor soil ; yet the character may possibly be inher- 
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ent in the strain, and if so, it would be transmitted by budding. TBmiii^ lin® 
policy of taking buds only from high-yielding trees is a safe one, aiJdl!iDe«im%r 
one that can be advocated as reliable. 

As for the second consideration, the importance of choosing motlier trees 
which show no indication of disease, little has been known until reeeniffly. It 
has now been demonstrated by Paweett (1938, 1939, 1943) that dtmts tree® 
may be affected by a number of virus diseases which are transmitted by ti®ne 
transplantations, as by budding and grafting. Among these are such serioa® 
maladies as scaly bark (psorosis), concave gum disease, and others. Some 
trees that are still vigorous and productive may have contracted such diseases 
and, if used as a source of budwood, would spread the disease to many or all 
of the bud progeny produced. In a circular letter of December, 1941,* Paweett 
stated : 

“Prevention of psorosis A, psorosis B, concave gum, blind pocket, infectious 
variegation, and crinkly leaf consists in planting trees propagated from huds 
taken from virus-free bud parents. As far as known, none of the diseases 
spread from diseased to healthy trees under orchard conditions except by pos- 
sible root grafts with an adjacent tree. To insure freedom from potential 
psorosis and other related diseases, buds for nursery trees should come from 
trees registered by the Bureau of Nursery Service of the State Department of 
Agriculture. More than 700 such trees have been registered and others are in 
process of inspection and registration. Growers are advised to ask the nursery- 
men for a written statement that trees purchased come fi’om registered trees 
and to obtain the registration number and location of the parent tree. The 
rootstocks should also come from seeds from virus-free trees, although seeds 
rarely transmit the virus.” (See also Paweett, 1939.) 

It is evident that the widespread occurrence of scaly bark in almost all 
citrus-growing regions of the world has resulted from its spread through 
variety propagation. The taking of budwood and scions from known healthy 
trees, carefully chosen, is therefore highly important (see chap, hi, below). 

In general, it is best to produce nursery trees in the localities where they 
are to be planted. Trees produced locally can be planted more promptly than 
those brought from a distance, and the danger of injury during shipment is 
avoided. Purthermore, local trees are likely to carry only the pests and diseases 
that are already in the locality, and thus do not ordinarily require disinfection. 

TYPE OP BUDWOOD TO BE CHOSEN 

Budwood should always be chosen from fairly well-matured wood of the 
current year’s growth. Citrus trees usually have from two to three distinct 
periods of growth each year, and budwood from the last or next to the last 
grow'th is preferable. Round twigs, or those as nearly round as possible, should 
be selected. The young growth of citrus wood is at first angular but becomes 
more nearly round as the twig matures. The basal portions of young branches 
which are nearly or quite round (fig. 4, A) supply the best buds, with the 

‘ Mimeographed circular letter by Dr. H. S. Paweett, California Citrus Experiment Sta- 
tion, dated December, 1941. Consult also Paweett, 1939, and Paweett, 1943. 
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exception of the first one or two basal bnds, -whicli are usually somewhat imper- 
fect and should be discarded. "Where it is difSenlt to obtain well-rounded 
n'ood, angular wood may be used, but it is not so satisfactory since it is less 
easy to employ and is likely to be too immature (fig. 4, B) . 

Thorny budwood should never be used if other 
budwood ean be obtained. Most of the standard citrus 
varieties are now nearly thornless, and it is eoni- 
monl 5 ’- believed that this condition has resulted from 
the continuous selection of thornless budwood. Some 
varieties, such as the Lisbon lemon and the Parson 
Brown orange, still remain thorny, and newly intro- 
duced seedling varieties are usually tJiornj'- at first. 
Since thorny trees are undesirable, every effort 
should be made to choose budwood as nearly thorn- 
less as possible (see Vol. I, p. 825). 

On the much-debated question whether to use only 
the so-called “fruit-wood” twigs in propagation, or 
w'hether “sucker” wood ean also be used satisfac- 
torily, the evidence is fragmentary, and at present 
definite conclusions cannot be stated. There can be 
no doubt that both types of wood carry the same 
heritage, and the writer knows of no convincing evi- 
dence to indicate that sucker wood is more likely to 
throw sports than any other type of wood. There is 
apparently no marked difference between the trvo 
types of wood, other than a physiological one related 
to rate of growth as determined by position. 

Reference is frequently made to three types of 
wood : fruit wood, intermediate wmod, and sucker 
wood; the names indicate clearly the relationship. 
Sucker W'ood is merely the rapid-growing wood of 
the suckers that spring out from the main trunk or 
main branches of the tree and grow very rapidly up 
through the top. Such suckers are large and coarse, 
with vei-y large leaves, and are of continuous rather 
than of pei-iodic growth. The small, rounded twigs of 
the typical so-called “fruit-wood” growtli, with short 
internodes, small leaves, and very compact tissue, are 
quite different from the typical sucker wood; but 
there are all degrees of intermediate types of twugs 
or wood on the same tree. The sucker branches, prob- 
ably because of their location, .spend all their sus- 
tenance in vegetative gi-owth to fulfill their function in rejuvenating the top. 

1 Tlie fruit-wood branches, on the other hand, grow slowly in marked cycles or 
uieiiods, store their nutrition, and are thus prepared when the proper season 
comes to develop flowers and fruits. 



Fig. 4. Types of citrus 
budweotl : A, round, ma- 
ture twig of the preferred 
type; ii, angular, less ma- 
ture twig, which may be 
used. 
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Halma’s (1934) experiments witli respect to size and age of bud wood seem 
to indicate that these factors have little or no influence on the size of trees pro- 
duced. He tested seven different sizes of budwood, ranging from 3 to 11 milli- 
meters in diameter, in relation to the size of yearling Valencia budlings 
produced. The diameter of the sticks of budwood was found to have no influ- 
ence on the size of the budlings. 

Halma (1934) also made comparative tests of buds from apical and basal 
halves of the same budsticks, and of budwood from two distinct growth cycles 
developed during the same year. No significant difference was show'n in the 
size of the one-year-old Valencia budlings produced. 

Some have advised that budwood shoidd be cut only from twigs bearing 
typical fruits, on the grounds that such bearing is reliable evidence of their 
type and fruiting capacity. The writer thinks this view an extreme one. Evi- 
dence from long years of experience throughout the industry shows that bud- 
wood taken from well-rounded twigs of the current year’s growth of what maj"^ 
be termed the “intermediate” type of wood — which, nevertheless, approaches 
possibly more nearly the fruiting tj^pe of growth — ^is perfectly safe to employ 
for propagation, if from a properly selected nonsporting tree. Apparently the 
very large, succulent sucker-wood tj^pe of growth should not be chosen for 
budwood ; but, on the other hand, there seems to be no valid reason why propa- 
gating wood should be taken solely from the small fruit-bearing twigs, which 
are so small as to be difficult to handle.^ 

CUTTING AND STOEING THE BUDWOOD 

Budwood should be cut while the wood is dormant, before the buds show 
any signs of pushing. That Avhieh is desired for spring budding should be cut 
in the late winter, before the buds begin to grow, or, if in a locality where there 
is danger of frost injury, in the late fall or early winter. At all other seasons, 
as for the main budding period in the fall, the buds can usually be cut without 
difficulty just before they are to be used; but care must be exercised to select 
a time when a large proportion of the buds are dormant. As the twigs arc cut, 
the foliage and thorns (if present) are carefully pruned off and the tAvigs are 
cut to the desired length for storage. The budAvood should theii be tied in small 
bundles and carefully labeled Avith the variety name, tree number, and like 
data. A mixture of varieties can easily occur, and damage may result from an 
error in name ; hence, the utmost cai’e must be taken to keep the records correct. - 

BudAA'ood that is to be kept until needed may be carefully packed in boxes 
Avith moist saAvdust or shingle toAV, preferably from redwood or cypress, or, 
if these materials are not aA'ailable, with moist sphagnum or peat moss. What- 
ever material is used, it should be merely moist and not wet and should be 
closely packed around the budAvood. The boxes should then be closed and kept 
in a shaded, cool place. If budwood is to be held for scAmral Aveeks or longer, 
it is Avell to bury the boxes 8 or 10 inches under the ground in a shaded, cool 
spot. Some simply bury the budwood in the soil under shelter, digging down 

^ Opinion differs on tliis matter. The reader is requested to consult statements made in 
Vol. I, chap X. 
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until tlie moist earth is reached. The objection to this method is that the soil 
particles adhere to the wood and dull the knife in budding. 

If budwood is cut in the late fall to be preserved for spring budding, it is 
better not to tie it in bundles, but to spread it out loose in the boxes, in layers 
alternating with layers of the packing material, so that each stick will come 
in close contact with the packing. The boxes are then closed and buried as 
described above. 

MATERIALS AND TOOLS USED IN BUDDING 

In citrus budding, almost any method employed with other plants can be 
used, but experience has shown that certain methods are especially applicable. 
To prevent buds from drying out after they are inserted, and to protect them 
from being injured by rains, it has been found best to wrap and cover them 
completely with strips of waxed cloth. The cloth must be ready in sufficient 
quantity before the budding begins. A good, strong grade of muslin which 
, has been saturated with budding-cloth wax is used. In California, budding 
cloth can be purchased from almost any horticultural supply company. The 
budding cloth is torn into strips of the desired width and length as it is being 
used in the field. 

The only tools needed in budding are a good budding knife, of which several 
types are available (see, for example, the knife blades in figs. 5 and 7), and a 
good whetstone and a hone for keeping the knife sharp. The use of a sharp 
knife in budding is the secret of success. It is usually desirable for the budder 
also to carry with him in his budding kit a pruning knife, or small pruning 
shears, with which to remove limbs or thorns that may have been left on the 
stocks when they were pruned in pi'eparation for budding. Some sort of handy 
box or kit for carrying the supply of budwood in the field should also be pro- 
vided, in which it may be kept moist under damp moss. 

HEIGHT OP BUDDING 

The buds are insei-ted in the trunks of the small stock seedlings near the 
ground. In Florida, before the severe freezes of the winter of 1894-95, the gen- 
. eral practice was to insert the buds at a height of 10 to 12 inches above the 
ground. Since then, the tendency has been to bud at a height of 4 to 6 inches 
above the ground, so that the trees may easily be banked with earth above the 
bud as a protection against injury and loss of buds from freezing. In Cali- 
fornia, the practice of budding low (4 to 6 inches above the soil) has also been 
that most generally used, though not apparently for the same reason. The bud 
union on trees in California is usually no more subjeet to frost injury than 
the rest of the top, and trees are seldom if ever banked at any stage in their 
growth. 

The bud union is apparently a weakened area, commonly more susceptible 
to disease infection and injury than other parts of the trunk; and therefore it 
seems best to keep the union well above the ground. Nevertheless, certainly 
more than half tbe orchard trees in California are set so low that the bud unions 
are below the soil, owing both to overdeep planting and to low budding. Nurs- 
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erymen generallj’ prefer to insert the buds low since this permits the budding 
of younger and smaller seedlings. 

If trees are propagated on resistant stocks, such as the sour orange or the 
Sampson tangelo, in order to forestall injury from such gummosis diseases 
as foot rot or mal di gomma, much of the advantage is lost if they are budded 
so low that the susceptible tissue of the seion is brought close to the surface of 
the soil, where infection most commonly occurs. Gummosis diseases cause great 
injury in many parts of the world, and where there is little danger from frost 
it is clearly an error to bud too low. In general, the tendency has been to bud 
too low, and it would seem best to advise higher budding, at from 6 to 10 inches, 
or even more, above the soil. 

INSEHTING AND WRAPPING THE BUDS 

Budding is a wonderful but simple process, consisting merely in the inser- 
tion of the bud of a desired variety under the bark of the stock seedling in 
such a way that the freshly eijit inner bark of the bud comes in close contact 
with the layer of growing wood cambium of the stock. As the bud is inserted, 
the bark closes partly over it, and the stock is wrapped with waxed cloth so 
that the bud is firmly pressed against the growing cambium of the wood. If the 
operation is properly performed, the tissue of the bud and stock soon fuse or 
grow together (see pp. 24-28) , and tlie bud can then be forced to grow. 

For all varieties and stocks of citrus the process of budding is practically 
the same, the method commonly employed being that known as shield or eye 
budding. The buds are inserted in the stocks 6 to 10 inches above the ground. 
All leaves and limbs which woxild hinder the proper wrapping of the buds 
should be cut away with a sharp pruning knife. 

Two methods of inserting the buds are iu common use : either the incision 
on the stock is made in the shape of the letter T and the bud is pushed down- 
ward into the cut, or the incision is made in the shape of an inverted T (JL) 
and the bud is pushed upward into the cut. Professional nurserymen usually 
employ the vertical-T cut, and almost all amateurs and horticulturists the 
inverted-T (±) . Claims of superiority for one or the other method have fre- 
quently been made, but extensive observations over many years have convinced 
the writer that, so far as the resulting trees are concerned, either method is 
just as good as the other. Thus the operator may use whichever method seems 
quicker and easier to him. 

In applying the inverted-T method, a vertical cut about 1% inches long 
is made at the point where the bud is to be inserted, and at tlie base of this 
cut a horizontal or slightly curved cut is made crosswise, so that the two cuts 
present the appearance of an inverted T (J.), as shown in figure 6, A. The 
cuts should not be deep. The aim should be merely to cut tlirougli the bark — 
although little injury wull result if the cuts are slightly deeper. To facilitate 
the insertion of the bud, the bark at the base of the cut is slightly raised with 
the point of the knife blade. This may also be accomplished by giving the blade 
an upward turn after the horizontal ciit is made. Next, a stick of budwood is 
taken in the hand and held with its base toward the operator. The bud is cut 
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out by a long, sloping cut (fig. 5). One skilled in making this cut will retain 
the bud in position between his thumb and the knife blade so that he can insert 
the upper end of the bud and push it under the slightly raised ends of the 
T-cut on the stock without changing the position of the bud in his hand after 
cutting (fig. 6,B). The bud is then gently pushed upward b 5 ’’ placing the back 
of the budding knife below the leaf petiole and exerting a slight pressure until 
all parts of the cut face of the bud come in contact with the wood of the stock 

(fig. 6, C). The bud is then ready to 
Avrap. If the stock seedling is in proper 
condition for budding, the bark readily 
separates and allows the bud to be 
pushed upward into position. If the 
bark fails to slip readily on even a 
small proportion of the trees, all bud- 
ding should be discontinued until the 
.stocks are in proper condition. 

For Avrapping the bud, the operator 
uses a strip of the Avaxed cloth ^ inch 
to % inch wide, prepared as previously 
described (p. 18) and torn to the right 
length for the size of the stock. From 
just below the horizontal cut the cloth 
is wrapped tightly around the stock 
over the bud, and upward spirally so 
that each turn slightly overlaps the 
pi’evious one. The wrapping must be 
drawn tight to hold the bud firmly 
against the stock, the wax holding the 
cloth in place. When the vertical in- 
cision has been entirely coA^ered the end 
of the strip should be turned slightly 
doAviiAvard over the wrapped part, to 
Avhich it Avill adhere more firmly than 
it AA'onld to the bark. In many regions, 
as in Florida, tying is unnecessary. In 

• 1 j California, however, where the humid- 

t'k a different kind of budding-cloth wax is used, the general prac- 

* of the cloth m?y be 

biougin together at the finrsh and twisted to hold the wrapping securely in 

eM^of 5 employed, the first turn is made below the lower 

tnl sooond turn over the first one so as to leave about one 

inch of the end exposed; and then, after the bud and the vertical cut are 

nuHrth an upAvard spiral, the AATappiiig is spiraled downward 

men brought in contact and twisted together (fig. 6 D) 

When the vertmal-T method of budding is used, the operations are in gen- 
eral the same as for the inverted-T method, but reversed. The horizontal cut 



n. Uiuldiiig by the iiivcrtcd-T (X) 
method: yl, cut, ting the bud (base of bnd- 
stiek held towavd the operatov); if, the 
bud, ready for insertion in the stock; C, 
cut surface of bud, showing layers of bark 
and Avood. 
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is made at the top of the vertical cut instead of at the bottom. In cutting the 
bud (fig. 7, A) the apex of the budstick is held toward the operator and the 
bud is cut by a draw of the knife from the base of the bud toward the apex, 
so that, when the bud is cut and held in the hand between tliumb and knife 
blade, its base is exposed and ready to be inserted in the stock incision and 
pushed downward into place (fig. 7, B). Another difference is that in wrap- 
ping the bud the operator begins above and wraps downward to push the bud 


l#l! 
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Pig. 6. Budding by the iiivertecl-T (i) method: A, vertical and horizontal cuts m the 
barkj B, bud partly inserted; C, bud fully inserted and ready to be wrapped; D, bud 
wrapped with waxed cloth the ends of which are twisted together to hold \vr.‘ippjug 
securely in place. 


into the cut in the stock (fig. 8) ; if he began below and wrapped upward, as 
in the vertieal-T method, he would push the bud out. Here, also, after the 
bud and vertical cut are entirely covered, the wrapping is spiraled around 
the stem until the two ends of the wrap can be brought in contact and twisted 
together. 

In cutting the buds as described above, a bit of wood is cut out with the bud. 
In early days of budding, this was removed before the bud wa.s inserted ; but 
experience has shown that the removal is unnecessary ; indeed, the presence 
of the wood makes it easier to insert the bud, and better results are obtained 
by leaving it. 

Where budwood of certain varieties is difficult to obtain, it may be desirable 


22 Citrus Industry : Production of the Crop 

to use buds from the young angular wood usually present on the tree in con- 
siderable quantity (fig. 4, B). Even rather immature angular wood may be 
used with good results if the stock to be budded is growing rapidly and is in a 
succulent condition. The method of cutting and inserting the bud is now 
slightly different from the methods already described. In cutting the bud, the 
stick is turned slightly to one side so that, as the bud is cut off, the eye lies to 



A B 

Fig. 7. Budding by the vertical-T (T) method; A, cutting the bud (apex of budstick 
lield toward the operator) ; B, inserting the bud by pushing it downward into the eut, 
tlie operator standing over the tree. 

one side instead of in the center (fig. 9, A) . It is only by cutting the bud in this 
way that the eut surface is made wide enough to allow the bud to be held firmly 
in position. The incision made in the bark of the stock is the same as that 
made by either method previously described, but the bud is inserted under 
one flap of the bark only. The bark is raised on the left side with the point of 
the knife, and the bud is slipped under in a slightly lateral direction, the eye 
remaining in the vertical slit (fig. 9, 2>). The wrapping must then be put on 
in such a way as to tend to crowd the bud under the bark rather than out of it ; 
this means that it should be passed around the tree trunk in the direction 
in which the bud is shoved into the incision. 

Success in budding depends upon the use of a shai-p knife and upon the 
performing of all operations quickly but not hurriedly. The cut surface of 
the bud is easily injured if left exposed to the air. One can soon develop the 
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necessary skill to insure good results. Good budders can expect at least 95 
per cent of the buds to take (heal on) and can insert 1,000 or more buds per 
day. Ordinarily, it is not good policy for the budder both to insert and to wrap 
the buds : he should be followed by a wrapper (fig. 8), and the two operations 
should be timed so that each bud is wrapped promptly before it has time to 
dry out. 



Fig. 8. Budding and wrapping by the vertical-T (T) metliod : the imddcr {right) is in 
position to insert the bud and is followed by the wrapper {left). 


UNWBAPPING THE BUDS 

From 10 to 14 days after the buds are inserted, they should be umvrapped 
and examined to determine their condition. The stocks are usually growing 
rapidly, and if the tightly drawn wrappings are allowed to remain too long 
the new wood may grow over the buds and greatly hinder their development. 
If, when unwrapped, a bud is found to be still green, and if a grayish line of 
new tissue can be seen forming around the edge of the incision, it may be con- 
cluded that the bud is living; the wraps sliould then be replaced less tightly. 
If on some stocks the buds are found to be discolored and dead, the wraps 
should be removed ; the stocks may then be rebudded. When the buds are 
thoroughly healed on, the wrappings are taken off entirely. A little experience 
will enable one to tell at what stage it is safe to remove them : with spring and 
summer budding, 20 days is usually long enough ; in the fall a slightly longer 
period is usually required, probably from 25 to 30 days. . 

PBOTECTION OP BUDS FEOM FROST INJURY 

Where dormant budding is practiced in localities subject to frost injury, 
the buds are often protected by throwing a bank of earth up around the bases 
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of the stock seedlings in the late fall, high enough to cover the buds. This may 
be done with a plow. The earth is pulled down again in late winter, as soon as 
the danger from freezing is past. This practice is common in Florida but is 
not used in California. 



Fig. 9. Si(le-slii)ping angular-wood buds: A, cutting the bud; 

B, bud cut, slioAving iiosition of bud and leaf stem; C, cut face of 
bnd; B, bud inserted iti stock. 

THE HEALING-ON PROCESS IN CITRUS BUDDING 

Although the technique of citrus budding has been highly developed, little 
has been known about the hcaling-on processes. Recently, the tissue develop- 
ments have been carefully investigated by Kurt Mendel (1936, 1937), in 
Palestine. For this study be used buds of Shamouti orange on rootstocks of 
Palestine sweet lime and sour orange. The following Is a summary of Mendel’s 
findings.' 

THE WOUND SCAB 

The formation of a wound scab, or insulating layer, in plants has commonly 
been described as the first reaction following budding or grafting. This layer, 
formed by the walls and contents of the injured cells, which break down and 
turn brown in color, has been supposed to act as a temporary closing of the 
wound, protecting the inner tissues from drying out. Tests showed that in 
citrus these layers always consist of gum. Mendel (1936, p. 28) described the 
formation of gum as follows. 

‘ This diso.u.ssion on the pTOces.s of bud healing is taken almost verbatim from Mendel’s 
(1936) report, but frequently is not indicated as quoted because it is slightly changed and 
shortened. 
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“The transformation of dead cells to wound gum is only slight if the wound 
is well closed by the wrapping. The outer cells of the callus tissue, as well as 
the cells of tissues adjacent to the wound forming no callus, . . . are crushed 
and transformed into gum due to steadily growing pressure of the joining 
callus masses. Tissues which are apparently particularly active, such as the 
medullary rays, prevent a formation of continuous gum layers. . . . 



Fig. 10. Cross section through a bud union of Slminouti oningo (above) on 
sour orange stock (betnw), 24 liours after budding. Note tlio newl.v formed cells 
at the ends of the medullary rays. These cells are pushing out into the space 
between the bud and the stock, and are most clearly visible on the stock, x 
about 330. (After Mendel.) 


“The formation of the insulating layer in citrus buddings is, therefore, not 
a primary wound reaction, but a secondary phenomenon which appears under 
the pressure of the uniting callus tissues.” 

FORMATION OF CALLUS 

The first stage in the healing after the operation of budding is, according 
to Mendel (1936, p. 21), the closing of the wound by the formation of callus 
tissue. The first cell divisions marking the beginning of callus formation occur 
very soon after the operation, the time being dependent upon external factors, 
especially temperature. In the 1930 tests new cells were found after 24 hours ; 
but in the 1932 tests there were no new cells at 36 hours, and none were 
observed until 42 hours after budding. Cell divisions begin almost simul- 
taneously in all tissues adjacent to the wound, on stock and scion alike. 

The first new divisions start almost regularly at the injured ends of the 
medullary rays on the surface of the wood, as Avell as on that of the bark. Not 
until later do the cells of the wood parenchyma and those of the secondary 
bark take part in callus formation. 

The new cells may be clearly seen bulging out at the ends of the medullary 
rays of both rootstock and scion bud (fig. 10) . The growth of callus takes place 
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through the stretching of the newly formed cells at the periphery, ■which 
become club-shaped and form new erc«s ■walls. Longitndinal di^isions may 
also oec-nr. particularly in cells that are free to extend in any direction, that 
is. with the first callus cells of the medullary rays, ■which gro^w into the gap 
between the tissues. Thus, the wedge-shaped broadening of the meduUai'y rays 
at the wound surface is effected (fig. 11). 

In budding (without wood), three earities are created in the wound area 
and are gradually filled by the gro'wth of callus. Two lateral eari^ties ai'e 
formed by the raised bark flaps, and a central cavity is formed beneath the 



F:g. 1]. Cross seclicm tlirongli tlie callus Fig. 12. Cross seftlon of bud uniou of 
on a fiwccj lime sr«k 3 days after budding. Shanjouti on sweet lime 5 days after bud- 
yote llic wc-dge-sliai'ed brt.adoning of the ding, showing the fornmtion of callus 
ineduiiary rat s. much e.rtended over the bridges leading from the wood to the raised 
dcveloi'ment shown in figure 10. (After flaps. 5?i, Shamoufi: 5?r, sweet lime; e.h.. 
Jlendel. I callus bridges. (After Men del.) 

shield at the place of the former vascular eoiuiection of the bud, the so-called 
"bud cone.” As these cavities become nearly filled by the expanding callus 
tissue, bridges of connecting cells are formed from the stock side to the bud 
side (fig. 12). The cavities under the flaps at tlie side of the bud shield are 
filled after about 20 days ; the cavity beneath the shield is filled after some 25 
days or more. 

The actual process of the union of tis.sucs in which interest centers. Mendel 
(1936, p. 25) described as follows: “The meeting callus masses grow together 
by the union of the cell walls of the meeting cells thus producing one gapless 
tissue. The. border between the ujiited callus ma.sses can be recognized only iii 
eases where a brown layer forms in the border zone [the compressed remjiants 
of wound scab]. Cell fusion ■was not observed.” The walls of the growing 
eallus-tissue cells as they come together from the opposite sides, tliat is, from 
stock and bud, become closely appressed under pressure, so that they adhere 
and become as intimately attached and connected as are cells in any normally 
growing tissue. 
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DIPFEKENTIATION OF TISSUES IN’ THE CAUiUS 

The callus tissue is at first completely uniform, consisting entirely of isodia- 
metric cells. Within about 10 days cellular differentiation begins to appear, 
the walls of some of the cells becoming thickened and beginning to show pits. 
Callus cells that have been transformed into tracheids may be observed in 
the callus of the flaps after about 15 days. Differentiation under the shield is 
slower, the first tracheids being observed only after 20 days. 

EEGENERATIOK OF THE CAMBIUM 

The establishment of a common cambium ring for rootstock and bud is 
either a process of regeneration underneath the flaps and the shield where 
the cambium has been either injured or torn away, or one of differentiation 
where the cambium layers are connecting in the callus. The cambium is always 
regenerated in the outer region of the callus ; that is, it is always close under- 
neath the secondary bark of the shield or of the rootstock, respectively. Old 
cambium cells which remain on the wood of the rootstock lose their meriste- 
matic properties and differentiate like callus cells, even if no cambium is 
present on the shield. According to Mendel (1936, p. 31) , it could not be seen, 
in the sections, whether the cambium regenerates from the outer cells of the 
callus or from the innermost uninjured cells of the secondary phloem. 

Formation of the eouneeting cambium is completed after about 25 days. 
At this time the process of the union of the citrus bud may be considered 
complete. 

* CONKECTION OF VESSELS 

The primary need of the scion, after budding, is water supply, and in a very 
primitive way this is accomplished by the first callus bridges. Afterward, the 
differentiation of the tracheid strands in the callus assures the water supply 
to the shield. The first system of water supply is, therefore, based not on a 
longitudinal but on a lateral connection. 

But this type of water supply to the shield cannot suflace for the sprouting 
of the bud. The connection of the bud witli the wood of the rootstock has to 
be established through vessels before sprouting. This connection is originated 
in the cambium which is formed in the callus below the shield. 

Mendel stated that no fundamental anatomical differences were observed 
between the union of Shamouti with sweet lime and sour orange, respectively. 

DISCUSSION OP MENDEL’S FINDINGS 

Budding as practiced in Palestine in the propagation of the Shamouti 
orange is mainly by means of bark bud-shields from the scion, without wood. 
This, Mendel terms “true shield budding,” and his anatomical studies were 
conducted almost wholly with such propagations. From his studies he con- 
cludes tJiat budding of citrus should be done '‘without w'ood” and 'with the 
shield as large as possible, and that, where budding “with wood” has to be 
resorted to, the shield has to be cut rather thin. 

This statement might be disconcerting to growers in California, Florida, 
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and Texas, where the largest citrus acreage in the world has been successfully 
developed and where the many millions of trees of all varieties of oranges, 
lemons, grapefruit, and other citrus species have been almost whoUy pro- 
duced by using buds with a wood core. Expert budders pay little or no atten- 
tion to the thickness of the laj^er of wood cut with the bud, other than to keep 
the bud piece thin enough to lie fairly flat and not protrude too far above the 
surface when inserted under the stock bark. The success of such budding is 
beyond question, for the citrus orchards of the United States are recognized 
as among the best, and are perhaps the longest in productive life of any in 
the world. 

Mendel’s studies do give us a valuable and interesting understanding of 
the healing-on process. It is unfortunate that his investigation was not ex- 
tended to the healing of buds with wood cores. Mendel observed that the first 
and most active development of callus, as well as the first regeneration of the 
cambium, is at the edge of the bud, under the bark flaps of the stock. It seems 
probable, thus, that in buds with wood cores the cambium remains uninjured 
except at the edges, and that it probably unites at the sides or edges with the 
new cambium developing in the callus under the bark flaps. It would then 
continue active in the further bud development. The small slice of wood 
of the original bud then probably breaks down into wood gum and, forming 
only a very thin la. 7 er running longitudinally to the stock stem, probably 
causes no interruption in the growth. Indeed, it seems probable that the use 
of buds with wood cores may even accelerate the completion of the union, as 
they would require merely the fusion of the cambium connections at the edges 
of the bud, and not all over the cut face of the bud ; furthermore, the normal 
connection of the original cambium of the bud with the bud structure has not 
been interrupted. 

No detailed studies have been made of the fusion processes in the various 
types of citrus grafts to be described later, but in general the fusion processes 
doubtless correspond closely with the phenomena exhibited in budding. In the 
scions of grafts, it is certain that the old cambium is not regenerated, but that 
it must fuse directly at the contact edges w'ith the cambium of the stock. 

A knowledge of the tissue developments in the fusion of scion and stock 
may be important in understanding the transmission of those virus diseases 
which infest only certain tissues. A vims that develops only in the xylem 
(wood) might be expected to be transmitted by the scion in grafting, because 
the new scion wood unites with the wood of the stock. However, a virus limited 
to the xylem probably would not be transmitted by budding, as the wood core 
of the bud at no time forms any connection with the wood of the stock, but 
remains surrounded by callus tissue until it is broken down and transformed 
into gums. 

GROWING THE BUDDED TREES OR BUDDINGS 

FOECING THE BUDS 

In order to force the buds to push uniformly after they have healed on, it 
is necessary to check the growth of the stocks. In citrus nurseries this is 
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usually clone in one of two ways : either by topping, that is, by cutting off the’ 
tops a few inches above the buds, or by “lopping” the tops, as it is called. The 
former method is that most commonly used by nui’serynien; the latter has 
been used in some degree both in Florida and in California and is to be recom- 
mended in special cases. 

When the topping method is used, the entire top of the stock is cut off, with 
pruning shears or saw, from 3 to 5 inches above the bud. In fall-budded trees, 
in which the buds are expected to remain dormant through the winter, the 
topping should be done in the early spring after the danger from freezing 
is past and just before growth starts. In spring- or summer-budded trees, 
topping is usually done from 3 to 5 days after the wraps are removed from 
the buds. No further attention is then neces-sary until the buds begin to grow. 



rig. 13. A nurseiT" tree lopped to force the burl. 


Buds will push out all around the top of the stock stump, and pains must be 
taken to keep these rubbed off and to permit only the sprout from the inserted 
bud to grow ; otherwise, a sprout from the stock may be mistaken for the bud 
and allowed to grow. 

The lopping method differs from the preceding in that the top of the stock, 
iiistead of being entirely cut off, is left partly attached for a considerable 
period (fig. 13 ) . Lopping is performed at the same time as topping, and is done 
mainly with pi-uning shears, the knife edge being placed 3 to 4 inches above 
the bud and the stock cut about two-thirds through. The cut is made on the 
bud side, in order to eheek the transfer of materials in the stem on that side. 
The top is then bent over and allowed to rest on the ground. In bending or 
breaking the top over, one must make .sure that, if the stem s^jlits, the splitting 
is upward rather than clownward towai-d the bud. 

To provide for subsequent cultivation and care of the trees in the nursery 
it is necessary to follow some definite plan of budding and lopping. Two meth- 
ods are commonly used. In the one, the tops of two adjacent rows of trees are 
lopped into the same middle (space between rows) (fig. 14, A), and alternate 
middles are kept free for cultivation and tree care. The buds of each two 
adjacent rows must, therefore, be placed on opposite sides of the stocks (see 
fig. 14, A) , facing the middles retained open for care and tillage. 

In the other method, the buds are all placed on the same sides of the stocks ; 
but, in lopping, the tops of alternate rows are bent in opposite directions, those 
of one row, only, occupying a middle (see fig. 14, B). The lopped tops must be 
bent inward close to the tree row in order to leave space for cultivation. A 
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cultivator may then be run up one row and down the next, always going in 
the direction in which the tops are inclined, as thus the branches will not 
interfere. 

The tops are allowed to remain attached until the shoots from the buds have 
attained a height of 12 to 18 inches, after which they may be cut olf. Some 
nurserymen have found that the budlings make a larger growth if the old 
tops are allowed to remain attached through the summer and are cut off in 
the fall. The principle involved in “lopping” iS to retain for a while a con- 
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Fig. 14. Two methods of lopping nursery trees to facilitate cultivation : A, heads of two 
rows of trees lopped into same middle with alternate middles free for cultivation; B, heads 
of alternate rows lopped in different directions so that each middle may be cultivated. The 
arrows indicate the direction of cultivation. 

nection between the old top and the roots, to supply some nourishment to the 
roots while the bud is developing. 

Cutting off the entire top is a severe shock to the young tree, and several 
months must elapse before the bud can produce foliage enough to equal, even 
partially, that of the original top ; meanwhile, the large root system of the 
stock must suffer nutrition deficiency. During the year of bud growth the stock 
trunk increases but little in size. 

Topping is less bothersome and expensive than lopping, however, and is the 
method that should be followed unless something is to be gained by the use of 
the latter method. It is certain that good nursery trees may be produced by 
either method, for both have been extensively practiced. 

In California, in two comparative trials Imown to the writer the lopping 
method gave somewhat larger trees in a season’s growth than the topping 
method. It is probable that rather larger nursery trees can be grown within 
the same time limits by the lopping method ; but in arid regions where furrow 
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irrigation must be used this method greatly increases the difficulty and adds 
materially to the expense. 

The writer is inclined to the opinion that, where fall budding is practiced, 
the topping method, all things considered, is the more satisfactory of the two. 
If, however, for some reason spring budding is used on comparatively small 
stocks and year-old budlings are to be planted, the lopping method may pref- 
erably be used to bring the buds up to a desirable size for transplanting the 
next spring. 

STAKING AND TRAINING THE BUDDINGS 

As the buds are forced out, they grow rapidly and the 
attachment to the stock is weak and easily broken. To 
protect them from breaking and to insure a straight trunk 
they are trained to stakes (fig. 15). The stakes maj’- be 
made of any good durable wood and should be about 
to 4 feet long. In California, standard building lath is 
commonly used for this purpose. 

When the buds are well started and reach a height of 
about 6 inches, the stakes should be driven into the ground 
on the sides next to the growing buds and close to them. 

The stakes Avill usually be from 1 inch to 2 inches from the 
base of the stocks, depending on the uprightness of the 
shoots ; the distance must not be so much as to encourage 
the growing shoots to make too great an angle with the 
stock trunk at its origin (fig. 15). The widest side of the 
stakes should be touching the shoots. When the stakes are 
set, the young shoots are tied to them with raffia, cotton 
twine, or narrow strips of cotton cloth. As the shoots grow, 
they are tied at distances of about every 4 to 6 inches, the 
ties being rather loose in order to avoid compression or 
scarring of the tender neAV shoot. To produce sti-aiglit 
trunks, careful attention should be given to the tying, and all side sprouts on 
the main trunk of each bud shoot should be removed. It is also well, at each 
tying, to rub off the sprouts that form on the trunks of the stocks, in order to 
force all growth into the main trunks of the new trees. These sprouts form 
in great numbers and require removal about every three or four weeks during 
the summer. 

When the bud shoots have reached a height of a foot or more, the stubs of 
the stocks remaining above the bud unions should be cut off smoothly just 
above and even with the buds. This may be done with pruning shears or saw, 
but the cuts must be made with care and should slope downward away from 
the buds (fig. 16). In any case, the surface should be smoothed with a sharp 
Imife and should leave no projecting stubs above the buds. Immediately after 
the removal of the stub, the cut surface should be painted with shellac, or cov- 
ered with a coating of preserving wax. The stubs of lopped trees are similarly 
cut back when the tops are removed. 



Pig. 16. Young 
nursery budling 
supported by stake 
driven into the 
ground beside it. 
(The flat side of 
the stake should be 
rather closer to the 
tree than is indi- 
cated.) 



32 


Citrus Indtistry: Production of the Crop 


TOPPING AND HEADING THE BUDDINGS 

As soon as the young budliiigs have reached the desired height, they should 
be topped, or cut oif, to force the growing of side shoots and to start the devel- 
opment of the tree head or main branches. 

In California the heads are formed mainly at 30 to 36 inches from the 
ground, while in Florida the general tendency is to form a somewhat lower 
head, about 24 to 30 inches. The main trunk of the nursery tree is usually 
permitted to grow several inches above the height of the 
head desired and is then cut back to the proper height. 
This method is preferable to that of pinching off the 
terminal bud when it reaches the required height. In 
some nurseries the trees are headed back to rather hard 
wood in the early fall, not later than the first of Oetober, 
and again about February, to avoid having soft wood 
in the resulting heads. 

In general, the same methods of training and heading 
are practiced with all varieties and species of citrus 
fi’uits. With lemon varieties, because of their very vig- 
orous growth in the nursery, the tendency is to head 
rather high, about 30 to 36 inches ; Satsumas, on the 
other hand, because of their very slow growth, are usu- 
ally headed low, at 18 to 24 inches. 

After the budlings are first headed back, lateral 
shoots form freely along the upper part of the trunk, 
and three to five of these, properly spaced, will ulti- 
in^rc®moving“^stuVof “^^ely be retained to fonu the main branches of the 
stock trunk above the new tree (seep. 34). 

imd union. The general policy, after cutting back, is to let the 

branches develop freely without any special training or 
pruning other than the rubbing off of such buds as start on the lower part of 
the trunk and stock, until the time arrives to dig the budlings for trans- 
planting. 

DIGGING AND PREPARING BUDLINGS FOR PLANTING 

SIZE AND AGE OF BUDLINGS 

Budlings should remain in the nursery until one to two years after the time 
of budding, or until the trunks have reached a size, preferably, of from % 
inch to 1 inch in diameter (fig. 17). If the seedlings were from'% to J/a ineli 
in diameter when they were budded, and if they Avere fall-budded and forced 
early in the spring, the majority of the budlings should reach the required 
size in one year. If, hoivever, smaller seedlings ivere budded, two years may 
be required to grow budlings of desirable size for transplanting. 

Budlings that are of slow groivth and do not reach the required size along 
with the majority of those in the same block are probably poor trees and 
should be discarded. If held lojiger in the nursery, such trees might ultimately 
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reaeli the required size, but frequently they are “ruuts” and are worthless. 
Size of budling is therefore no criterion of value, unless the exact age and the 
size in comparison with other budlings in the same block of stock are known. 

METHODS OP DIGGING 

Many dilferent methods are used in digging and preparing nursery trees 
for planting, but all of them are variations of two general ones, the balling 
method and the bare-root method. Cit- 
rus roots are particularly sensitive to 
injury by drying out and must be kept 
continually moist ; the method used 
must therefore be based upon this fact. 

Balled trees are those which are dug 
so that a clinging ball of earth sur- 
rounds the roots of the tree. In the ball 
a fairly large part of the root system is 
retained undisturbed in contact ivitli 
the original soil, the lateral roots re- 
main spread naturally in the soil, and 
many of the small roots continue to 
function. Balling is thus a method well 
adapted for use in arid or windy re- 
gions, where there is danger that the 
young trees may be injured by root 
exposure. If trees are to be shipped to a 
distance, the heavy ball of earth, which 
usually averages about 40 pounds in 
w'eight, adds greatly to the expense. It 
is, however, the method most generally 
used in California, where the trees are 
now commonly transported by motor 
truck. It is a thoroughly reliable and 
satisfactory method, though the root 
system transplanted is much smaller 
than that of trees dug and transplanted pig. 17. A good year-old citrus imdling 
by the bare-root method. The balled ready to be cut back and transplanted, 
budlings are much easier to handle in 

planting than bare-root trees, as there is not so much danger of their drying 
out and no care is required in spacing and spreading the roots in planting. 

Trees transplanted by the bare-root method are, as the name of the method 
indicates, dug from the soil with a large part of the root system uninjured 
and with a minimum amount of soil attached. After some root pruning the 
trees are transplanted directly into the permanent grove. This method is used 
commonly in Florida and to some degree in California. It is the method always 
used if trees are to be shipped Jong distances. It is best adapted for use in 
humid countries and must be employed with great caution in arid countries. 
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PEXXKING AXD PREPARATION OF BEDLINGS FOE DIGGING 

The successful transplanting of any tree requires that it be severely pruned 
or headed back, and eiti-us budlings are no exception to this rule. Probably 
the best time to do the pruning and shaping of the head is in the nursery, just 
prior to the digging. At this time, carefully trained men should examine each 
tree and remove all branches but the three to five main ones that come from 
the central tmnk and are to be left to form the head or main branches of the 
tree. These should be cut back to a length of 6 to 8 inches. 

The question arises, from time to time, whether the heads of the budlings 
should be formed in the nursery, or whether it is better to prune them hack to 
a single straight tmnk of the desu-ed height and form the heads in the 
orchard after the ti-ees are transplanted. Cutting back to a single unbranched 
trunk permits each grower to head the trees according to his own ideas; and 
little if any time is lost by so doing, unless the branches of the head are fully 
mature twigs. On branches that are not mature the buds will not push in the 
orchard as soon as the buds on the main trunk do, and if too young they 
will not grow at all but ivill finally die and be supplanted by shoots arising 
from the main trunk. 

The policy most generally pursued, however, is to form the heads of the 
budlings in the nursery. If the budlings are as old and as large as they should 
be before they are ti-ansplanted, they will have developed a number of 
branches on which the wood is well hardened and mature; obriously, it would 
be a loss to remove all this growth. It is thus generally thought best to prune 
back and shape the head iii the nurserj* just before digging. 

In order to get the greatest possible structural strength and prevent limb 
splitting when hea\-j' crops must be carried, it is judged desirable that the 
main branches of the head should be separated at intervals of 3 to 4 inches 
apart along the upper 12 to 14 inches of the tmnk, and so distributed around 
tlie tmnk as to divide the periphery space about equally. It is seldom, how- 
ever, that such an ideal distribution of the limbs can be realized. It would be 
entirely possible, if one could give the necessary attention to the removal of 
buds, to form a head of almost any type desired, but it is not feasible to do this 
with large numbers of trees. It is thus necessary when shaping tire head to 
choose tbo.se branches for retention which present, in the grower’s judgmeut, 
the best arrangement. 

In practice, there is much variation also in the amount of foliage left on the 
budlings. Some grower's remove all the foliage, a procedure which reduces 
the las-s of water to a minimum ; others allow some or all of the foliage on the 
shor-t branches forming the head to remain (fig. 18) . Those who follow the lat- 
ter practice assert that it is important to leave some foliage in order to keep 
water moving up through the wood and to keep assimilation active ; in their 
opinion, the tree is thus stimulated to quicker and more vigorous growth. This 
does not seem unreasonable, and is doubtless true if the root system is in 
proper condition and is large enough to supply the moisture necessary to pre- 
vent uniting. Leaving a limited amount of foliage (approximately as indicated 
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in fig. 18) is probably the most general practice followed in both California 
and Floinda. In California, total defoliation is practiced only when the nursery 
trees are to be shipped into counties requiring vacuum fumigation before 
planting. Such defoliated trees, if not injured by the fumigation, are known 
to make satisfactory growth. 

Kemoval of all foliage is advantageous in serving as a partial check on the 
spread of diseases and pests, since the leaves are most frequently the carriers. 


The defoliated trees should be dug 
immediately, or at any rate not long, 
after the pruning and before growth 
starts. 

Some nurserymen prune back only 
in part the budlings in the nnrsery, 
leaving a rather large proportion of 
the twigs and foliage attached ; they 
then ship the trees in this form, ap- 
parently on the assumption that the 
grower will desire to shape the tree 
head himself after planting. It is 
sometimes asserted that it is best to 
delay the final pruning until after 
the trees are planted; but this can 
hardly be good practice, for the 
extra twigs and foliage are an addi- 
tional drain on the tree. It would 
seem that the ivater supply and the 
stored nutrition in the tree would 
best be conserved by the removal in 
the nursery, before digging, of all 
the foliage and branches that are to 
be removed. All the available energy 
would then be directed to the heal- 
ing of the permanent cuts and the 
formation of new sprouts. 

It should also be stated that it is 
not ail uncommon practice in Cali- 
fornia to transplant budlings that 
are merely young, year-old whips 
cut back to a height of approxi- 



Fig. 18. Pruning of roots and top of bud- 
ling for bare-root planting. The dotted out- 
lines of branches and the bold straight lines 
on branches and roots indicate the parts to 
be cut off. 


mately 30 inches. On such budlings most of the leaves are retained, but all 
lateral branches are removed. Such trees require to be headed in the orchard 
after transplanting and this requires some extra work. The trees are also 
likely to remain for a while somewhat smaller than properly headed nursery 
trees. Some California growers express a preference for the use of such 
“whipstalk” budlings, but their use has not yet become the acknowledged 
best practice. 
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DIGGING AND BALLING 

"When the budlings have been pruned back and are ready to be transplanted, 
a trench 14 to 18 inches deep is dug along one side of the nursery row at a 
distance of 6 to 8 inches from the trunks of the trees. As the trench is dug, the 
lateral roots are cut off with a sharp spade or, if they are especially large, with 
sharp pruning shears. At each tree the digging is sloped inward when the 
trench is deep enough to allow undercutting where the bottom of the ball is 
to be. The inward sloping exposes the taproot, which is cut off with pruning 
shears. The ball may be from 14 to 18 inches long in vertical dimension. There 
can be no doubt that the longer ball is the more desirable, but since the balls 
must be kept to moderate size, a 14-ineh ball is that eommonlj- used. After the 
taproot has been cut, a sharp spade is used to cut away the soil on all sides of 
the tree and shape a cylindrical ball of undisturbed earth around its base. This 
should be from 8 to 10 inches in diameter and from 14 to 18 inches in length. 
When the ball is shaped and the roots are cut off, the top soil is removed as far 
down as the depth at which the crown roots spring from the trunk. The budling 
is then lifted out and set in the center of a piece of burlap of sucdi a size that 
when it is drawn up on all sides it will completely cover the ball. The edges of 
the burlap are gathered together around the base of the budling trunk and 
tied firmly with heavy binding twine ; and ties are extended also around the 
ball vertically and horizontally to assist in holding it together unbroken 
(fig. 19). The size of ball used depends mainly on the distance to which the 
trees are to be shipped, the conditions of transportation, and the price at which 
trees are selling. The smaller the ball, the easier it is to handle and the less 
likely it is to crack and crumble down and disturb the roots. The larger the 
ball, the greater is the number of roots preserved; but the large-balled trees 
are more difficult to handle. 

Xursei-j- trees grown on hea-vT- soil should not be balled if they are to be 
planted on a light soil. The irrigation water does not readily penetrate a ball 
of heavy soil surrounded by a light soil ; aud thus the growth is frequently 
intermpted and the tree injured. The soil close around the base of the tree 
is never disturbed in ordinary oi-ehard practice, and the balls are thus not 
broken up. If the soil cracks on drying out, it usually cracks around the ball. 
The writer has seen trees twenty-five years old dug out of light soil with the 
balls of hea-vy soil surrounding the base still intact and about as plain in out- 
line as 'when planted. Trees grown on hea-vy soils should be planted on similar 
heavy soils, or should be dug and planted with bare roots. 

Balled trees, if not to be planted immediately, should be stood close together, 
under shade, and sprinkled frequently to keep the soil in the balls moist but 
not w'et (fig. 20). In shipping, balled trees are stood upright on the floor of 
the car or truck and packed close together for support. 

In handling balled trees great care is necessary to prevent the balls from 
crumbling and injuring the roots. It may take months of good gro-wing con- 
ditions to overcome such injury. A balled tree should be lifted or moved either 
by taking hold of the ball itself or bj- grasping the burlap where it is tightly 
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drawn together and tied around the base of the trunk at the top of the ball. 
Balls may also be broken down by overwatering. For successful moving of 
balled trees it is necessary that aU workmen and truck drivers be carefully 
instructed and supervised. 

DIGGING BUDDINGS FOE BAEE-EOOT PLANTING 

Budlings for bare-root planting should be dug with care, pains being taken 
to preserve the roots with as little injury as possible. By the bare-root method 
a much larger root system can be used, only the ends of the main roots being 
cut off. 

One careful nurseryman in California (Nusbickel, 1918), after much ex- 
perience, advises the use of bare-root trees and says that, when bare-root 
planting is done, it is essential to have the trees in as dormant a eondition as 
possible when dug. To force the trees into dormancy, the tops and taproot are 
cut and the trees are defoliated 8 to 10 days before they are dug. The taproots, 
he says, should be cut with sharp shears, 18 to 22 inches below the surface of 
the soil; the earth should then be filled back and the nursery irrigated. When 
the buds start to swell, 8 to 10 days later, the trees are dug, care being taken 
to secure as many of the lateral and fibrous roots as possible. 

In humid regions such as Florida it is not neeessary to employ, in order to 
insure dormancy, such treatments as described in the preceding paragraph, 
and complete defoliation is rarely practiced. Even under humid eonditions, 
however, the budlings should be headed back rather severely (see fig. 18) . 

As the budlings are lifted, the roots should at once be wrapped in wet 
burlap, or be placed in a box in which the roots can be covered with moist 
moss. The root pruning preparatory to planting must be done quickly, prefer- 
ably in a properly sheltered packing shed, to prevent desiccation. The roots’ 
shoifld be kept wet while the inspection and pruning are in progress. In this 
pruning, all broken and injured roots are removed. The taproot is cut back 
to a length of 16 to 20 inches, and the larger lateral roots are shortened to the 
desired length (fig. 18) . All cuts should be smooth, sloping cuts from the un- 
derside, to favor quick healing and the rapid development of new roots. 

One. of the advantages of planting bare-root trees is that, while the roots 
are being inspected and pruned, crooked or goosenecked taproots can be de- 
tected and the trees eliminated. No trees -with malformed roots should be 
planted, and such defects cannot be discovered if the trees are balled. It should 
be noted, however, that if all seedlings showdng imperfect roots are discarded 
when dug from the seedbed, and if the seedlings are carefully planted in the 
nursery, little trouble is to be expected from this cause. 

TIME OF DIGGING 

The time of digging the budlings should be gauged to suit the time of plant- 
ing. Nurserymen dig their trees in accordance with the time of delivery re- 
quired by their customers. In California, the main digging season is from 
March to May ; in Florida, from November to February. (For further dis- 
cussion of planting problems see chap, v, below.) 
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Nurseiy trees should geuerally be planted as soon as possible after they are 
dug. The idea that the trees, whether balled or bare-rooted, should be held 
and “cured,” as is sometimes asserted, seems to be without reason. The curing 
process is merely the healing that must take place after the severe pruning of 
both roots and tops, and this had best take place after the tree is planted, so 
that there will be no further shock and interruption to its growth. 

SIZES AND GRADES OF NURSER.Y TREES 

Nursery trees are now generally sold on the basis of size, and the diameter 
(caliper) of the trunk, at a point 2 to 3 inches above the bud, is used as the 
main index of size. 

In the California and- Florida nursery trades the age and size grades are 
commonly quoted as in table 1. 


TABTjE 1 

Age and Size Grades op Nursery Trees 
IN California and Florida 


Ago of true 

Cftlifurniu 

I'yorida 

Diameter 

(caiiptf) 

Hcigiit 

Diameter 

(caliper) 

years 

inches 

feet 

2 to 3 

3 to 4 

4 to 5 

6 to t) 

inehee 


H to H 

HtoM 

HtoH 

Klol 

1 and more 

H to M 
HtoH 

H to 1 

1 to IK 

2 

2 

2 






The differences in price between these grades ordinarily range from $500 
to $1,500 per thousand, but in times when the supply is scant the differences 
are greatly increased and may range from $1,000 to $2,500 per thousand. 
Prices, of course, are always relative, but there is little justification for paying 
the excessive charges last mentioned unless one is purchasing specially selected 
trees or trees of some rare variety. 

The question of the size of nui'sery tree to purchase for planting is an im- 
portant one and little understood by growers in general. Usually, decision is 
made wholly on price and on the judgment of the time that presumably will be 
lost if a small tree is planted. It may well be, however, that a rather small 
tree one year old is much better than a much larger one two years old. 
(See, for a full discussion, chap, ii, p. 139, on rootstocks.) The available evi- 
dence indicates that the most important selection that can be made in the 
nursery is the choice of the largest trees in a certain block where all have been 
treated alike. Certainly all markedly undersized trees should be discarded 
as w'orthless. The grower who purchases trees merely on the basis of size has 
no means of knowing how old the trees are or whether any elimination of 
undersized plants has been made. He must trust to the honesty of his nursery- 
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man, and it is therefore important that he should know his nurseryman and 
examine the nursery from which his trees are being dug. If he desires to be 
particularly careful, he may specify the size and age of trees desired and 
be present to observe the digging. Until the nurseiy business has so far ad- 
vanced that official certification of stocks and tree selection is in operation, 
the grower must make use of all means available to obtain good trees, and this 
can only be assured by his taking pains to exercise the most careful personal 
inspection and supervision. 

It would be good policy to pay an extra price for the privilege of selecting 
the largest trees in a certain block of nursery stock, but it might be a very bad 
policy to pay the ordinary price for merely large trees, as they might originally 
have been trees of subnormal size, by now grown larger from age alone. Grow- 
ers should appreciate that the character of the orchard is determined in con- 
siderable degree by the kind of trees planted. 

METHODS OF GRAFTING USED WITH CITRUS 

Although citrus trees are almost universally propagated by budding, other 
methods of propagation can sometimes be used to advantage. Grafting may be 
done while the trees are'dormant, in January or February, or at almost any 
time during the growing season. If grafting has any advantage over budding, 
however, it is because the operation may be done while the trees are dormant. 
Scions should be taken from mature wood of the last season’s growth, and the 
same care should be exercised in their selection as in the choosing of scions for 
budwood. Round and thornless twigs should be chosen if possible, although 
somewhat angular wood may be used if sufficiently mature. 

CLEFT GBAFTING 

Cleft grafting is probably the simplest of all grafting methods and may 
sometimes be used to advantage in working over young trees that have been 
frozen down to the ground. It is also rather commonly used in top-working 
old trees, when the grafts are put into limbs of various sizes. 

To perform the operation with a small tree or limb from % inch to 1 inch in 
diameter, a sharp knife is the only tool needed. Scions 4 to 5 inches long and 
with from three to four buds are chosen. In performing the operation, the 
stock to be grafted is cut or sawed off and a cleft is made in it, diametrically 
across the center of the stump, to a depth of about 1% inches. The basal end 
of a scion is then sharpened to a wedge shape by two slanting cuts about li/i 
to lYz inches long, on opposite sides (fig. 21, A). The scion is inserted in the 
cleft made in the stock and is pushed down into place so that the cambium 
layer of the scion comes in contact with that of the stock, at least on one side 
(fig. 21, R). The scion should be inserted the full length of the cut surface, 
the cleft being held open with the knife blade while the scion is being pushed 
down. 

The graft is then wrapped with strips of wax cloth such as are used in bud- 
ding, one or more strips being put across the top of the stock to keep the 
soil and moisture out of the cleft until the graft grows. In making some grafts. 
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especially in large stocks or limbs, string is tied around the split ends to bold 
the scion tightly in place, and the cracks and the cut surface are covered with 
grafting wax or asphalt emulsion. 

If large limbs or stocks are to be split and grafts inserted, a special grafting 
iron and mallet may be necessary for making the cleft, and a scion may be 
used at each side of the cleft. If budding cloth or string is used to enclose or 
hold the graft in place, these must be cut in several places about a month later, 
after the scion is well healed on, to allow for expansion. If the graft is merely 
covered with grafting wax or some similar 
preparation, no further attention is neces- 
•sary except on large limbs which may require 
rewaxing. As the scion gi’ows, it is likely 
to require staking to protect it from wind 
breakage. It must also be carefully watched 
for some time, as suckers must be removed 
from the stock trunk or limb, and the de- 
veloping shoot may require shaping. 

TONGUE OB WHIP GHAPTIN6 

In grafting small stocks, the tongue, or 
whip, graft (fig. 22) is generally used. If 
properly made, the tongue serves to hold the 
scion firmly in place and forms a good union. 

After the scion and stock are placed together, 
strips of waxed cloth are firmly wrapped 
around the point of union, as is done with 
buds. The wrapping should be left on until 
the graft is well started, when it should be removed. 

Tongue grafting is suitable for use only wilh compai’atively small stocks, 
and the scion should be about the same size as the stock. This method of graft- 
ing is not likely to be of any great value in citrus propagation unless twig 
grafting and root grafting (described below) ai’e later found to be feasible 
methods of commercial propagation. 



Fig. 21. GU'ft grafting: A, 
)>MR(' of scion slinwing method of 
cutting ; J3, insertion of scion in 
stump of stock. 


TWIG GRAFTING 


Halma (1931) has successfully used amethod of twig grafting that is prob- 
ablj' as rapid as any method available for propagating a tree from a known 
stock and a knotvn scion. Two leafy twigs of the desired stock and scion 
varieties are tongue-grafted together, the union is tied with raffia or budding 
cloth, and the graft is then treated as a cutting. The two twigs to be grafted 
together must be of young but mature terminal wood, such as that chosen 
for cuttings ; the leaves are not removed (fig. 23) . (Consult section on propa- 
gation by cuttings, p. 53.) Halma (1931, p. 146) states that the advantage 
of this method “lies in the fact that strong plants representing various com- 
binations can be developed within one year.” It is probable that this method 
is of value mainly in the production of experimental trees. 
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BOOT GHAFTING 


In the propagation o£ certain deciduous fruits, scions are grafted onto 
4- to 6-inch sections of roots of seedlings, usually by the tongue-grafting 
method. These grafts are then stored, temporarily, in damp moss or sand, 
where the healing-on process takes place ; and in early spring they are planted 
in the nursery. 


A modification of this method has been used successfully by Halma (1927, 
1931) with citrus, and there are indications that satisfactory trees may be pro- 



Kg, 22. Tongue grafting. 


duced in this way. Halma obtained the most 
satisfactory results by using twig scions 4 to 6 
inches long, with 3 to 4 leaves attached. He 
grafted these scions to root cuttings, 4 to 6 
inches long, by the tongue-graft or bark-graft 
method, the graft being held in place by a wrap- 
ping of rafSa. The grafts were then planted in 
sand ill a propagating bed enclosed and covered 
with glass so that they could be retained and 
grown in a saturated atmosphere — one of the 
essential factors in the method. Bottom heat 
proved beneficial but not essential. 

BAEK OB CBOWN GBAPTING 

Bark grafting is commonly used when it is 
desired to reproduce, quickly, tops on trees that 
have been killed below the bud by freezing, or 
in top-working old trees. 

In this method the scions used are about 5 
inches long, sharpened on one side by a long, 
sloping cut (fig. 24, A). Often, a similar but 
shorter cut is also made on the outside or outer 


face of the scion. If it is a frozen tree that is to be grafted, the trunk is sawed 
off at or near the surface of the soil, where the wood is uninjured, and several 
grafts are inserted on each trunk. The insertion is accomplished by loosening 
the bark in the concave parts of the trunk and pushing the cut end of the 
scions down, with the cut surface toward the wood of the trunk (fig. 24, B) . 
The bark, if unbroken, will hold the .scion firmly in place against the wood, 
and no wrapping will be required. If, however, it should be necessary to split 
the bark to allow the insertion of the scion, the trunk should be wrapped 
tightly with string or strips of waxed cloth to hold the scions firmly in place. 
The surface and cracks around the grafts are then covered thoroughly with 
some good asphalt emulsion or grafting wax, to exclude air and moisture. In 
recent years it has become a common practice to hold such grafts in position 
by nailing them to the stock with small flathead wire nails (% inch long. No. 
20’s). With this method one nail is usually inserted through the scion near 
the center of the cut surface. Great care must be taken not to split or bruise 
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the scion (Hansen and Bggers, 1941, p. 26; and see also next page, below). 
Snell grafts do not require ^vrapping, but must be thoroughly covered with 
wax. It is an additional safeguard to heap moist earth over the stump and to 
cover all but the upper buds of the scions. 

When this method is used on 
large limbs in top-working old 
trees (see section on top-working, 
p. 60), the scions are prepared 
in the same way. On round limbs, 
it is necessary to make a short 
vertical slit in the bark at the end 
of the stub in order to push the ■ 
scion down. The scions must then 
be held in place by nailing or by 
wrapping the limbs tightly with 
string or waxed cloth, after which 
all cut surfaces and openings 
should be thoroughly covered 
with some asphalt emulsion or 
grafting wax. In ai’id countries 
it is probably desirable to protect 
such grafts further by enclosing 
them in paper bags tied over the 
stub of the limb until they have 
healed on. 

SPEIG GEAFTING 

In Florida this method of graft- 
ing has been used in top-working 
trees. It is especially suited for 
use in humid regions and is sim- 
ple and easily operated. A scion 
about 4 inches long is selected (fig. 

25, A), and the basal end is sharp- 
ened by a long, slanting cut on 
one side. A curved, oblique inci- 
sion is made in the bark of the 
stock tree. The lower edge of the 
bark is slightly raised with the 
point of the knife, and the end of 
the scion is inserted and pushed 
down between the bark and the wood, in an oblique direction, until the freshly 
cut surface of the scion comes in contact with the growing wood cambium of 
the stock (fig. 25, J5) . The scion is held firmly in place by the bark of the stock 
and does not require ties or support. Sometimes these grafts will grow without 
waxing, but it is safer and better to cover the opening thoroughly with mellow 



Fig. 23. A twig graft; two mature twigs are 
tongue-grafted together and rooted as a cutting. 
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or soft grafting wax, or with some satisfactorj’’ asphalt emulsion, which will 
prevent evaporation and exclude rain. 

Forcing the sprig graft after it has healed on is accomplished by partly 
girdling the limb or trunk an inch or so above the point of insertion. Forcing 
can also be hastened by pruning back the top. (For discussion on the removal 
of tops and the training of such grafts see section on top-working, p. 60.) 

INAHCHING OR INARCH GRAFTING 


Inarching consists in the uniting of limbs or parts of the same or different 
trees by a process similar to budding. Many methods of inarching are prac- 



Fig. 24, Bark or crown grafting; A, 
base of scion showing long, sloping out ; 
Ji, insertion and placing of scions in 
tree trunk. 


tieed, but only the method most commonly 
used will be described here. 

The two limbs to be inarched must be 
close together, naturally so placed that 
one may be bent over against the other. 
The operation is practical only where one 
of the limbs is comparatively small, pref- 
erably not more than % inch to % inch 
in diameter. The small limb is cut off by a 
slanting stroke so that the cut surface will 
face the other limb when bent over against 
it at the point where the union is to be 
made (fig. 26, A). A vertical cut of the 
desired length is made in the bark of the 
large limb at the point where the two 
limbs can be made to touch (fig. 26, B). 
At the base of this cut a cross cut is made, 
so that the two cuts present the appear- 


ance of an inverted T (A). The end of 
the small limb is then bent down and pushed up into the slit (fig. 26, C), 
as in shield budding (see p. 19), and strips of waxed cloth are wound around 


the union to hold the limbs firmly in place. The wrapping should be allowed 
to remain for a mouth or more, until the limbs are very firmly grown together. 

If the inarch is likely to be under much tension, or if it is on a large limb or 
trunk that is difficult to wrap, a small nail may be put through the center 
of the cut end of the inarched twig and driven into the trunk of the tree 


receiving it. This necessitates the use of a very small auger or drill with which 
to bore a hole through the end of the inarch, so that the nail may be inserted 
without splitting the end of the twig. In driving the nail into the tree when 


the inarch is in position, a small punch should be used, and great care should 
be exercised not to bruise the twig tissue. Inarches held in place in this way 
may be covered Avith a patch of waxed cloth pressed on firmly and then painted 
over with a thorough coating of grafting wax or a good asphalt emulsion. 

Inarching is frequently used to save trees that are partly or completely 
girdled by foot rot, insects, mice, or gophers (fig. 27) . In such eases, small seed- 
lings, about % inch to ^ inch in diameter and hailed for transplanting, are 
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planted at the base of the tree and inarched into the trunk above the injury. 
The holes to receive the inarch seedlings are dug at selected places beside the 
trunks of the injured trees. Two or three seedlings should be inarched into 
an old tree if it is completely girdled. A seedling to be inarched is placed in 
the hole dug for its planting, and the distance to the point where the top is to 
be inarched is carefully noted. The seedling is cut off as shown in figure 26, A. 
An inverted-T (JL) cut is then made quickly in the trunk of the tree, and the 
inarch is slipped into place and wrapped or covered. In such inarches on old 




Fig. 25. Sprig graft- 
ing: .-1, scion sliowing 
long, sliinting cut (in 
one side ; B, insertion 
of scion on linil) of 
stock. 



Fig. 26. Inarch grafting : A, top of stock 
seedling, showing method of cutting; B, 
bark in trunk cut to receive inarch; C, 
inarch inserted. 


trees, a small nail is usually best to hold the union in place. After the inarch 
is in place, covered, and waxed, the soil is filled in around the balled roots, 
and the planting is completed. 

If the injury to the treated tree is caused by gummosis, seedlings of sour 
orange or Sampson tangelo, which are resistant to the disease, should be used 
for inarching. If the injury is caused by gophers, mice, or the like, any seed- 
lings available may be used, provided they are of good rootstock varieties. 

Trees injured by partial or entire girdling, as described above, are also 
frequently saved by inarching sprouts that sometimes spring from the base 
of the trunks or from the crown roots below the injimed area. The process of 
inarching such sprouts is the same as that employed in inarching seedlings, 
except that no planting is I’equired since the sprouts are already connected 
with the root system. Such injured trees are also sometimes saved by bridge 


46 Citrus Industry : Production of the Crop 


grafting, which consists in connecting the roots with the uninjured trunk of 
the tree by using twigs that are fairly long (12 to 18 inches), which are 
inarched at their basal ends into roots and at their tops into the trunk. 

A notable example of preservation of a diseased tree by inarching is illus- 
trated in the saving of the original parent tree of the W ashington Navel orange 
at Riverside, California. This famous old tree, one of the two sent from the 
U. S. Department of Agriculture to Mrs. Eliza Tibbets of Riverside, California, 



Fig. 27. Tree of seedling sweet orange about 
eighty years old wliich by means of inarching 
some sixty years ago was saved from destruc- 
tion by foot rot. Three and possibly four of 
the separate inarch trunks are clearly dis- 
tinguishable at the base of the tree. Photo- 
graphed February, 1932, in the Sutherland 
grove of the late L. B. Skinner near Dunedin, 
Florida. 


in 1873 (for history of the tree see 
Vol. I, pp. 530-533), was, after the 
death of ilr. and Mrs. Tibbets, pre- 
sented to the city of Riverside. In 
1902 it was transplanted to a special 
city park at the head of Magnolia 
Avenue, where for some years it 
grew well. In 1917, however, it was 
observed to be declining rapidly, 
and early in 1918, under the terms 
of a resolution passed by the River- 
side city council and approved by 
the mayor. Dr. Horace Porter, the 
California Citrus Experiment Sta- 
tion ivas requested to assume the 
care and treatment of the tree. 

A committee of the Citrus Exper- 
iment Station diagnosed the trouble 
as foot rot or gummosis, apparently 
caused or stimulated by too deep 
planting and the filling in of eartli 
around the trunk in gi’ading. The 
bud union was found to be ten inches 
or more below the soil surface. The 
disease had killed the bark on a band 
six to eight inches wide around the 
trunk just above the bud union. 

The. only way to save the tree was 
to supply it with a new root system, 
and this, it Avas decided, could best 
be done b.y inarching young seed- 
lings into the live ti’unk wood above 
the girdled area. As the tree was in 


very poor condition, it was doubtful whether such an operation would be 
successful. As one kind of stock might unite more readily than another, seed- 
lings for inarching were chosen of sour orange, SAveet orange, and Rough lemon. 

As the saving of this historic tree was of great importance, the responsibility 
was divided by having the inarches made by three men. Nine or more inarches 
were inserted. Of the rootstock seedlings proA'ided, several of each kind were 



Pig. 28. Original Washington Navel orange tree in the Eliza Tibbots Memorial Park, 
Riverside, California, soon after the dedication of the Eliza Tibbets ilonuinent in 1920. 
The inarches made about two years earlier can be seen through the fence. 

The inscription on the monument reads: “To honor Mrs. Eliza Tibbots, and to commend 
her work in planting at Riverside in 1873 the first Washington Navel orange tree in Cali- 
fornia. Native to Bahia, Brazil. Proved the most valuable fruit introduction yet made by 
the United States Department of Agriculture. — 1920.” (Photo by courtesy of Avery Edwin 
Pield.) 
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used. The inarching was performed in the spring of 1918, when the tree was 
found to be in the best condition for the operation (fig. 28). It was markedly 
successful. Almost all the inarches healed on perfectly, and soon commenced 
to grow and increase in girth. The tree began to show improvement and within 
a few mouths was apparently well on its waj'^ to recovery. The Experiment 
Station continued to care for the tree for some ten years and then returned 
it to the control of the City of Riverside, 



rig. 29. Onginal Wiishington Isavel orange tree in Eliza Tibbeta Memorial Park, River- 
aide, California, tivcnty-.six years after inarching operation. (Photographed July, 1944, 
by lir. L. J. Klotz.) 


Today, in 1948, thirty years after the operation, and seventy-five years after 
its planting, the tree is still alive and is apparently in fairly good condition 
(figs. 29 and 30) . Although it is not a large and vigorous tree, thousands of 
bud sticks have been cut from it, over the years, for propagation purposes, 
and yet it continues to bear a fair crop of fruit annually. It has successfully 
withstood the vicissitudes of a long life; long journeys, two transplantiugs, 
attacks of disease, operations, several severe freezes, many severe prunings ; 
and still continues to fulfill its function as a crop producer and as a State 
Monument which inspires faith in the great industry it established. Evidently, 
it has stamina and endurance. (For a more complete statement see Webber’ 
1944.) 
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PROPAGATION BY LAYERS, MARCOTTS, AND CUTTINGS 


Propagation by layers or cuttings has been little used in those countries in 
which citrus culture is most advanced, and little is therefore known concern- 


ing the possibilities of using these methods in a commercial way, or in answer 
to the question whether trees thus propagated are likely to make good trees 
that will be productive and long-lived. In South Africa, layering was for many 


years the principal method used 
in propagating citrus varieties, 
aud ill that country there are 
many fine old orchards in which 
the trees were propagated in this 
way (Webber, 1925). In Italy, 
citrons are commonly propa- 
gated from cuttings. Through- 
out the Asiatic tropical and 
subtropical regions, the propa- 
gation of citrus has usually been 
by “mareotts,” a special type of 
layering. There is evidence indi- 
cating that orchard trees may 
possibly be grown more quickly 
by some of these methods than 
by the nursery methods now 
commonly practiced, as de- 
scribed in the preceding text. It 
is thus important that these 
methods of propagation should 
be understood b 3 r citrus grow- 
ers, and that they be thoroughly 
tested as opportunity permits. 

PEOPAGATION BY LAYEEING 

In propagation by layering, a 
branch or limb of a tree is caused 
to tlirow out roots at a certain 
point while still attached to the 
mother tree and nourished by it, 
after which it is severed from 
the mother and planted as an in- 



Pig. 30. Trunk base of original Wasliington 
Navel orange tree, Eliza Tibbets Memorial Park, 
Eiversidc, California. twenty-si.v years after in- 
arching operation. (Pliotogriiplietl July, 1944, by 
Dr.U J.Klotz.) 


dividual. The method most commonly used in the propagating of citrus in 


* South Africa is as follows. In the early spring a suitably placed basal limb. 


the outer end of which bends down near the ground, is chosen for layering. 
The limb is bent down until it touches the soil on the lower side, and there it 
is cut halfwa^-^ through, in a slanting upward direction, with a sharp knife. 
The tip end of the branch is then bent upward, and the cut end, at the bottom. 
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is lowez'ed into a small excavation that has Tbeen made in the soil below it, 
the fresh, damp soil being packed firmly around and over it. This cut end 
must be buried from 5 to 10 inches under the soil and must be kept moist. 

If the limb is under any tension from bending, it should be staked down so 
that the buried end will be held firmly in place and not dislodged or moved. 
If the branch is too high to be bent down easily, it may be cut half through on 
the upper surface and bent down at a sharp angle, but still kept attached to 
the parent tree so that it will receive water and sustenance until it is rooted 
(fig. 31). The limb buried in tliis way is left undisturbed during the entire 



season ; by the end of that time it should be well rooted and growing. It may 
then be dug up, cut loose from the parent tree, and planted in the orchard. 

This method of layering was used in the propagation of citrus by the early 
Dutch settlers in South Africa and has continued to be commonly used by 
their descendants for the propagation of superior seedlings and varieties, 
principally of sweet orange and mandarin. Propagation by budding as com- 
monly pursued in other citrus sections has been introduced in recent years 
and is now the ordinarj- commercial practice, but many farmers still continue 
to propagate some of their trees by layering. 

In Cape Province and the Transvaal, many fine old layered trees, and even 
orchards of layered trees that are from seventy to eighty years old, are still 
growing and producing large crops. A few trees, clearly grown from layers, 
are known to be more than a hundred years old. 

Layered trees develop broad, spreading tops like budded trees, from which 
they can be distinguished by lack of bud unions on the trunks. They are easily 
distinguished from seedlings if their normal shape of top has not been changed * 
by crowding, as the tops of seedlings are normally upright and cylindrical. 
The layered trees throughout South Africa usually are branched at or near 
the ground and can scarcely be said to have trunks, whereas seedlings, grown 
normally, have trunks that are simple and unbranehed for several feet above 
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the ground. It is thus usually easy to recognize layered trees from budded trees 
or seedlings. It would, of course, be possible by early pruning to train alayered 
tree to a single trunk. 

A careful comparative study of layered citrus trees in the various citrus 
sections of South Africa, made by the writer (Webber, 1925, pp. 39-48), has 
indicated that trees propagated by layering are just as good and as long-lived 
as trees propagated in other ways. Indeed, in comparison with budded trees 
on various stocks, layered trees seemed to possess rather exceptional vigor and 
fruiting capacity and to be equal, in this regard, with seedlings. The exami- 
nation of the roots of old layered trees on several different soils showed a nor- 
mal and even distribution of lateral roots such as is usually found on citrus 
trees, but no indication of a so-called taproot. Since taproots are rarely found 
on sweet orange trees under ordinary conditions of propagation, this could 
not be considered a definite objection to layered trees. Wherever mixed plant- 
ings of layered and budded trees were found, the owers, in general, con- 
sidered the layered trees to be the more vigorons, productive, and healthful 
of the two. 

The plants that have been propagated by layering are mostly selected sweet 
seedling oranges and selected seedling mandarins of the general type of the 
Dancy tangerine. Whether comparable results would be obtained by similar 
propagation of such standard varieties as the Valencia and the Washington 
Navel orange is not surelj’’ known. A small grove of ten-year-old Washington 
Navels on Caxton Farm, near Qrahamstown, Cape Province, propagated by 
layering, compared very favorably with trees of the same variety and age 
budded on Rough lemon stocks. The Washington Navel is a rather weak, 
slow-growing tree, and if this variety succeeds from layers, growing thus 
on its own roots, strong vigorous varieties such as the Valencia or Du Roi 
should do well. 

It may be concluded that layering can safely be used wherever it is the most 
convenient method of propagation and whez’e the varietal susceptibility to 
gummosis and root rots is not a serious menace. It cannot, however, be con- 
sidered a satisfactory method for general nursery use, because it is not 
adapted to the rapid propagation of large numbers. Furthermore, it would 
permit of no opportunity for the effective practice of bud selection, and this is 
a serious drawback with unstable sporting varieties such as the Washington 
Navel, Valencia, and other valuable citrus types. 

BING METHOD OP LAYEBING 

Oppenheim (1927 and 1932) has described the successful use of the ring 
method of obtaining a number of rooted layers from the same seedling. A 
year-old seedling is cut back in early spring to a height of about 8 inches. A 
number of new branches develop on the trunk thus cut back, and in about six 
weeks, when these have matnred enough to become hardened and rounded, 
about two-thirds of those on the lower part of the trunk are prepared for root- 
ing. The preparation consists in tying three or four circles of thin copper wire 
in a ring around each stem, at a point about 2V^ inches from the seedling trunk. 
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Earth is then heaped up around the seedling to a height of 4 to 6 inehes above 
the highest ring. The branches on the upper part of the seedling are left 
anringed. to supply the normal nutrition to the roots. The mound of earth 
covering The ringed branches must be kept moist until the rooting has taken 
place, a proees vrbich requires from 3 to 4 months. When the ringed branches 
are well rooted, they may be severed from the parent seedling and transplanted 
to the nurserj". 

This method of layering may prove valuable in developing clonal progenies 
of different seedlings, particularly for experimental purposes. 


^ ^ PBOPAGATIOX BT MASCOTTAGE 

W In subtropical Asia the propagation of citrus 

and other plants is accomplished nicsst com- 
lutmly by a ri pe of layering known as mar- 
^ ^ cottage or marcotts. In general, this method 

consists in tlie selection of a conveniently placed 
twig or small branch ■nrliieh. at a point 1 to l4o 
1 feet from the tip, is girdled by the removal of a 

f strip of bark about fo hich wide, or is tongned 

by an upward cut. with a small splint of wood 
placed in the cleft to hold it slightly apart. The 
twig, at the point girdled or tongued, is then 
immediately covert and enca.sed in a ball of 
moist clay, moss, or coconut fiber, held in place 
by cloth or burlap, tightly wrapped and tied 
aroundit ('fig. 321. 

Hunter (19320 and 1932b), in Trinidad, oh- 
- tained the best results by using moss covered 

Fig. S2. .Metiiod of mareottage. with rubber tubing. He also found that it did 

not greatly matter whether ^i-ineh twigs of 
the last ga-owili cycle, or l-ineh limbs of older growth, were used. The position 
of the girdled ring in relation to the buds was also fonnd to be immaterial. 

The ball is commonly made about 4 to 5 inches in diameter. If a ball of 
this size is too heavy to be supported by the twig, it must be supported by 
attaching it to larger limbs or to stakes drh’en into the ground. The ball must 
be kept moist by frequent wetting or by water slowly dripping on it from 
some container supported in the tree. In l^i to 2 months, or more, the length 
of time depending upon environmental eonditions and upon the varieri', 
roots will be thrown out from the base of the twig, above the girdled strip, 
into the moist soil of the ball. The marcott can then be cut loose from the 
parent tree and planted in soil withont removing the balL It is usually best 
to prune the top back somewhat and to remove part of the foliage, as the root 
system developed in the ball is not likely to be laige enough to support the 
entire top of the branch. 

The writer saw this method in practical operation in the propagation of 
citrus varieties in Cevlon and in Java, and it has been commonly used in the 
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Philippines (Wester, 1913). It is especially adapted for use in moist, humid 
regions and would doubtless require special care to insure its success in arid 
regions. 

^ PEOPAGATION BY CUTTINGS 

In view of the very general use of cuttings or slips in the propagation 
of numerous cultivated plants, such as figs and olives, it is frequently asked 
why this method is not successful with citrus. The general impression among 
growers in the United States has been that citrus cuttings were difBcult and 
impractical to root, and that trees grown from cuttings were unsatisfactory. 
Experiments conducted in recent years have shown, however, that almost all 
species of citrus can be successfully rooted as cuttings, although some species 
and varieties are much easier to root than others. Swingle, Robinson, and May 
(1924) obtained satisfactory results in rooting cuttings of the shaddock, 
citron, lemon, mandarin, orange, eitrange, and various citrus relatives; and 
satisfactory results have also been obtained by Halma (1926a, 1926Z), 1931) 
and by Hunter (1932a, 19326) . 

Methods used in propagation of cuttings . — The methods that have proved 
most satisfactory in preparing citrus cuttings differ but little from the methods 
used with other plants. Citrus cuttings are preferably taken from young twigs 
of mature terminal growth. It is important that they be taken from vigorous, 
healthy trees and that all the leaves on the twigs be mature, healthy, and free 
from injury. Only the terminal shoots should be used ; but these shoots are 
frequently long enough to permit of being divided into two cuttings, each 4 
to 6 inches long. 

The best results are obtained by leaving three or four leaves on the apex 
of each cutting and removing only two or three of the leaves from the basal 
end. The removal of aU the leaves, or even the partial cutting of those left, 
retards the rooting and growth. After removal from the tree, the cuttings 
should be kept continuously moist, so that no wilting takes place. Before the 
cuttings are planted in the rooting soil, the base of each is cut off with a sharp 
knife, usually at a point just below a node. Thus prepared, the cuttings are 
ready to plant. Halma (1931, p. 133) states that “whether the basal cut is 
made immediately below a bud or above is not important.” He also found that 
there was apparently a relation betw'cen the slope of the cut and the number 
of roots formed : “the greater the slope the fewer the number of roots pro- 
duced.” The basal cuts, then, should apparently be made nearly at right angles 
to the longitudinal axis of the twig. 

The best results in rooting have been obtained in greenhouses, where rooting 
beds can be provided with bottom heat from steampipes or from electric heat- 
ers controlled by automatic regulators, and where the bed itself is enclosed 
and covered with sash so that the tops of the cuttings can be retained in a 
moist atmosphere to' prevent wilting. The rooting beds are filled to a depth of 
6 or 8 inches with a fairly coarse, clean sand, into which the bases of the cut- 
tings are plunged to a depth of 3 to 4 inches. For the best results the soil 
temperature should be kept between 75” and 90° F., and the air temperature 
from 60° to 80° F. If such temperatures can be maintained, and if the atmos- 
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phere surrounding the cuttings can be kept constantly at a sufficiently high 
humidity to prevent wilting, the cuttings scarcely seem to stop growing and 
will develop an abundant root system in a month or six weeks; they can then 
be lifted and transplanted to the nursery or bed in a lath house. 

Halma (1926a) was able to root cuttings of most species without the use of 
bottom heat, but the time required was usually longer and the proportion of 
loss larger. Swingle, Robinson, and May (1924) devised a solar-heated propa- 
gating frame with which fairly good results were obtained. An apparatus of 
this kind can easily be constructed by any handy man. Hunter (1931) used a 
similarly constructed solar heater Avith success. Rooting in hotbeds where the 
bottom heat was derived from a deep bed of manure was also tested by Hunter, 
but the results were not very satisfactory. 

The ringed-hardwood-cutting method, found by Hunter (1932a) to be most 
successful if hardwood cuttings are to be used, is a slight variation of the 
method described above. Mattire twigp, the bark of which has become russeted, 
are girdled by removing a half inch ring of bark. The twigs are left attached 
to the tree without any other treatment or covering for about 20 days, until a 
visible callus has formed on the upper or outer circle of the cut bark. They 
are then severed from the mother plant, care being taken not to injure the 
callus ; next, the twig and foliage ai*e pruned bade to the desired extent on 
each cutting, which is then planted in a propagation chamber such as is used 
with other cuttings. In Hunter’s experiments the twigs used were cut back 
to about 12 inches in length, and 5 to 7 leaves were left at the top of each. 
Such cuttings were found to root more quickly and more abundantly than 
unringed cuttings. It does not seem probable that this method of propagation 
will prove successful in an arid country like California, but it may be valuable 
in countries of high hiunidity. 

Halma (1931) had some difficulty in handling rooted cuttings transplanted 
into pots, owing to the development of curled and tangled roots, which injured 
the tree in later growth. He found it much more satisfactory to transplant the 
cuttings direct to the nurseiy. This can be done 2 or 3 months after starting 
the cuttings, when they have developed a fairly extensive root system. Before 
the cuttings are transplanted, they must be hardened by a gradual lowering 
of the humidity until they become adapted to the normal air conditions. The 
plants can then be lifted and prepared for planting by the removal of the new 
growth of the top, the older original leaves being retained. They are then 
planted bare-root in the nursery row. 

Well-rooted cuttings, carefully handled and kept continuonsly moist, may 
be transplanted to the nursery successfully in hot dry weather if they are 
immediately watered and shaded. Shading ia commonly provided by one or 
two shingles stuck in the ground in such a way that the plant is protected from 
the direct rays of the sun during the middle of the day. ’ 

Lemon cuttings grown in the nursery generally reach the size of salable 
budded trees in about two years ; sweet orange and grapefruit, in two or three 
years. If snch enttings are to be used as rootstocks, they can be grown to suit- 
able size for budding in one year. 
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Ease of roofing in cuttings of different species. — There is a marked diifer- 
ence in the quickness and ease with which cuttings of different species may- 
be rooted. With cuttings that were grown in a solar propagator with bottom 
heat, Hunter (1932o, p. 138) found periods from date of setting to first rooting 
to be approximately as follows : 


SpBoies or variety 

Period 

(days) 

Species or variety 

Period 

{days) 

Citron 

10-15 

Citrus e.vcelsa (7) 

25 

Trinidad lime 

10-15 

Citrus hystrix 

30 

Rangpur lime 

15-35 

Sour orange 

30 

Kusaie lime 

15-35 

Shaddock 

35 

West Indian lime 

15-35 

Citrus uobilis (now C. reticulata) . 

250 


Comparable differences between various species were also found by Halma 
(1926a). 

Halma (1931, p. 136) gives the following data on the percentage of rooted 
cuttings obtained with the common citi’us species when grown in a special 
propagation bench with bottom heat. 


Citron (Citrus Medica Linn.) 100 per cent 

Lemon (Citrus Umonia Oabeck ; no-w C. Limon) 98 per cent 

Sour orange (Citrus Aurantium Linn.) 92 per cent 

Sweet orange (Citrus sinensis [Linn.] Osbeek) 85 per cent 

Grapefruit (Citrus grandis [Linn.] Osbeek) 75 per cent 

Mandarin orange (Citrus noMis Lour, var, dclieiosa Swingle; 
now C. reticulata) 75 per cent 


It is evident from the experiments of these investigators that citrons, limes, 
and lemons root most quickly and readily, and that sour orange, sweet orange, 
grapefruit, and mandarin oranges are slower and more difficult to root. Such 
slow-growing varieties as the Satsuma (C. reticulata var. unshiu) are perhaps 
the slowest and most difficult to root, 

Halma (1929 ; 1931, p. 156) found that there is apparently a close relation 
between the degree of development of the leaf palisade tissue for each species 
and its ability to root from cuttings. Thus the citron and lemon, with the high- 
est percentage of palisade tissue, root the most easily, while the Satsuma, with 
the lowest percentage, is difficult to root. 

Healing and rooting processes in cuttings. — According to the studies of 
Priestley and Swingle (1929) on the cellular development in the growth of 
cuttings, the cells on the freshly cut surface of the cutting that are not actually 
mutilated and killed are somewhat strained and their permeability is in- 
creased. A liquid containing solutes and fatty substances is released from the 
cells and accumulates in the intercellular spaces and on the surface. If a suf- 
ficient amount of air is present, these substances undergo a rapid chemical 
change and are deposited as suberin in the cell walls and on the surface, a 
vamish-like film thus being formed. This suberin film serves to protect the 
tissue from invasion by microorganisms and injuiy by excessive evaporation. 
Suberization takes place most readily in a saturated atmosphere and in the 
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presence of thorough aeration. If the eut surface is kept wet, the fatty sub- 
stances are leached away and suberization is prevented. Thus, cuttings kept 
too wet will not form a suberin layer and are likely to rot. 

After the formation of the suberin layer, and underneath it, layers of callus 
tissue, or cork, are formed through eeU multiplication. The walls of these new 
cells contain suberized lamellae, or layers. This tissue is thus an effective pro- 
tection against fungus infection and rapid drying out. After the callus devel- 
opment is completed, the new roots soon begin to form. These originate in the 
wood cambium and grow outward through the callus tissue. 

Advantages and disadvantages in use of cuttings. — It is evident from the 
results outlined above that large numbers of cuttings could readily be made 
of most species of citrus, if conditions were found to justify or necessitate their 
use. It is still doubtful, however, whether trees so propagated will be as satis- 
factory and long-lived as those of the same varieties propagated on well- 
adapted seedling rootstocks. A small number of orange and lemon varieties 
propagated by cuttings and grown in California have come under the writer’s 
observation from time to time, but the number has been too limited and the 
comparisons too doubtful to justify any conclusion concerning their com- 
parative value. 

Halma has stated “Citrus trees may be propagated by other means such 
as cuttings, layers, and grafting, but it is doubtful if any other method than 
budding on seedlings will be used for commercial propagation in California 
in the near future. AVhile lemon cuttings root readily, trees now thirteen years 
old are not as productive and, in the case of the weaker types of the Eureka 
variety, are less vigorous than budded trees on sweet orange and grapefruit 
rootstock. Similar aged Navel and Valencia orange trees, on the other hand, 
have proved to be as productive and vigorous as budded trees on sweet orange 
rootstock, but unless they eventually show marked superiority over budded 
trees, the expense for special equipment and special care needed to root the 
cuttings is not warranted.” This statement is based on experimental evidence 
and is probably the most reliable opinion now available. 

Physiologically, layers, marcotts, and cuttings represent the same general 
method of propagation, the only difference being that layers and marcotts are 
branches that by manipulation are caused to strike root while still attached 
to the mother tree, whereas cuttings are smaller twigs rooted after detachment 
from the parent tree. If, then, good trees of citrus are produced by any one 
of these methods, the others, it would seem, may be expected to give like results. 
The extensive and successful use of layers in South Africa (Webber, 1925 ; 
and this volume, p. 51), and the extensive use of marcotts in India, Ceylon, 
Java, and other Asiatic countries, indicate strongly that good trees may be 
produced by these methods of propagation. It may also be mentioned that in 
Mediterranean countries the citron is most commonly propagated by cuttings, 
and that citron growing is an important industry there. 

Experience seems to indicate that nursery trees of the size ordinarily 

' Dr. P. P. Halma, TTaiversity of California, Los Angeles, in letter of July 17, 1944, to the 
writer. Quoted with permission. 
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required for orchard planting can often be produced from cuttings in about 
one year less than trees of similar size can be produced by growing rootstock 
seedlings and then budding tbein. 

Even if cuttings under certain conditions produce as good trees as the same 
variety budded on satisfactory stocks (which they probably do), there are 
nevertheless several important advantages to be obtained by using budded 
trees. The principal of these are that rootstock varieties may be chosen that 
are (1) resistant to such diseases as gummosis, root rots, tristeza, mal seeco, 
and the like ; (2) better adapted to certain types of soil than the fruit variety; 
and (3) more vigorous than the fruit variety and thus stimulate a more A'igor- 
ous growth. A sei'ious disadvantage in using cuttings or layers for extensive 
commercial propagation is that each tree grown requires from at least five to 
a lai^e number of buds, which greatly increases the difficulty and cost where 
it is desirable, as with citrus, to take propagating wood from cai-efully selected, 
disease-free mother trees. 

The uniformity of cuttings taken from the same mother tree has been 
assumed to be a character in favor of their use, especially in propagating root- 
stocks. Cuttings do of course produce trees of the same variety as the mother 
tree from which they are taken, but they exhibit variations in rate of growth, 
as indicated by size, about the same as similar budded tr-ees on different seed- 
ling rootstocks (Halma, 1933 and 1941). 

Seedlings for rootstocks ai-e much easier to grow than cuttings, and the 
seedlings of such highly nueellar embryonic rootstoek.s as the Rough lemon, 
Palestine sweet lime, Sampson tangelo, and various citranges reproduce re- 
markably true to type through seed propagation (Webber, 1932, p. 12; and 
this volume, pp. 138 and 146-147). Seedlings of sour orange, sweet orange, 
and grapefruit, when intended for rootstocks also, may be reduced to almost 
a uniform type by careful roguing, so that little is to be gained in uniformity 
by using cuttings. 

In view of the foregoing, it is the writer’s judgment that the now common 
practice of using budded trees in commercial citrus propagation is the most 
desirable method and that it Avill graduaUy become the dominant method in 
all countries. The employment of cuttings, layers, and marcotts, however, has 
a place in experimental work, and occasionally when facilities for budding 
propagation may not be available. 

THE NTJBSE-GBAFTED Y-CllTTING METHOD 

An ingenious method of obtaining cuttings of plants that are difficult to 
root was described by Swingle, Robinson, and May (1929) as the “nurse- 
grafted Y-eutting method.” By this method one limb of a Y-shaped branch 
of the plant which is to be propagated is approach-grafted or inarched with 
a small nurse plant, a seedling, or a rooted cutting, of a suitable stock type, 
the roots of which are held in a marcottage ball, box, or soil pot (fig. 33). 
The ball or pot must be supported and must be kept continuously moist. In 
about two weeks the graft will have fused, and the base of the Y-braneh is 
then girdled by removing a ring of bark about Ys inch to t/x inch wide (fig. 
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33, c). This causes the accumulation of reserve food material above the ring, 
which favors the production of roots when the Y-cutting is eventually planted. 

In about four to eight weeks after the healing of the graft is complete the 
Y-branch is cut through at the ring (fig. 33, c) , the Y-cutting with its nurse 
plant thus being severed from the original mother plant. The roots of the 
nurse plant are then freed from the soil pot or marcottage ball, and the nurse 
plant with the attached Y-eutting is planted (fig. 34) in a suitable propa- 
gating bed having bottom heat. The top of the nurse plant should be cut back 



Pig. 33. The nurse- 
grafted Y-outting method : 
o, branch chosen for Y- 
eutting; b, nurse-plant 
seedling (usually a pot 
must be set on a stool for. 
support) ; c, point girdled 
to form callus irhere 
branch will finally be 
severed. 



cutting; b, nurse-plant seed- 
ling; 0 , point where rooted 
cutting is severed from 
branch of cutting grafted 
into nurse plant; d, point 
where top of nurse plant is 
cut off; s, soil of propagat- 
ing bed. 


at this time to a few inches above the graft union (fig. 34, d) . Soon the Y-cut- 
ting will throw out roots. At the end of about a month in the propagating bed 
it may be separated from the nurse plant by a gradually deepened notch cut 
in the base of that branch of the Y-cutting which was grafted (fig. 34, c). 
This notch is deepened every few days until the rooted cutting is finally severed 
from the nurse plant. 

Two separate plants are thus produced, one a rooted cutting (on its own 
roots) of the plant which it was desired to propagate, and the other a grafted 
plant consisting of a scion of the mother plant, propagated on the root of the 
nurse plant. By this method its authors have rooted the most difficult species 
and relatives of citrus as cuttings. 
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USE OP HOEMONES IN BOOTING CUTTINGS 

In the last decade mueli has been written concerning the use of hormones or 
auxins to stimulate the rooting of cuttings. With citrus, promising results 
have been obtained, but the use of these substances is still in the experimental 
stage. Cooper (1936, p. 785) stated that “by soaking the base of lemon or rose 
cuttings in hetero-auxin [indole-3-aeetie acid] solution of relatively high con- 
centration (0.5 mg. per cc. of water) for eight hours before setting in sand, 
a much greater number of roots was induced on the treated than on the control 
cuttings.” 

In further experiments. Cooper (1940) and Cooper and Khowlton (1940) 
made tests with several different kinds of citrus. The basal ends of the cuttings 
were soaked in a standard 0.02 per cent aqueous solution of indoleacetic acid 
for 24 hours. The cuttings used were from mature terminal growth, preferably 
round, cut to 4% inches in length, with two full-sized leaves left at the apex 
of each. In these experiments the percentage of rooting, and the average num- 
ber of roots per cutting, were markedlj’^ increased with Kongh lemon, Morton 
citrange, Conner grapefruit, Marsh grapefruit, sour orange, Homosassa sweet 
orange. Bergamot orange, Suen Kat mandai’in, and Cleopatra mandarin. With 
the Woglum lime, the Eangpur lime, the Villafranea lemon, and the Hong- 
kong kumquat, hoivever, the percentage of rooting was not increased, but 
the average number of roots per cutting was much increased. 

Pearse (1939, p. 49) quotes Hubert and Beke (1938) as having obtained 
an increased percentage of rooting with cuttings of the sweet orange (Citrus 
sinensis) by experimental treatments with indoleacetic acid, 100 mg. per liter, 
for 8 hours. 

Biale and Halma (1938) conducted experiments in the use of heteroauxin 
(indole-3-acetic acid) in various strengths with leafy-stern cuttings of all the 
principal varieties of citrus grown in California. In describing one series of 
experiments, these authors stated (1938, id. 445) : “While treated grapefruit 
and Valencia showed marked increase in percentage of rooted plants over 
the check, the lemon and citron rooted jnst as well without treatment. How- 
ever, the number of roots was considerably greater on the treated than on the 
check. The number of roots also increased with increase in concentration. Poor 
results were obtained with Dancy tangerine, and the kumquat was a com- 
plete failure.” 

In a more extensive series of exj)eriments reported in the same paper by 
Biale and Halma (1938) the results of the treatments were much less favor- 
able; the percentage of rooting showed little if any increase. The authors 
stated, in conclusion; “The chief effect of lieteroauxin manifests itself in an 
increase in number of roots, but this effect is much more evident in species 
which root readilj’’ [without treatment].” 

The effect of auxins on the rooting of cuttings of sour orange (laranjeire 
azeda) have been reported by De Almeida (1938, 1940) , in Portugal. Cuttings 
were taken from soft, semiwoody, and woody growth, and different batches of 
50 cuttings each were treated for 24 hours in two standard strengths ( 1 : 10,000 
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and 1 : 20,000) of iiidoleaeetie acdd and naphthaleneacetic acid. They ■were 
then planted in the greenhouse, "with bottom heat and temperatures controlled. 
The soft, herbaceous cutlings failed in all trials. The best results were ob- 
tained with semiwoody cuttings treated with the strong indoleacetic acid 
(1 : 10,000), where a rooting of 78 per cent was recorded, in comparison with 
12 per cent for the cheelts treated with water only. The highest rooting ob- 
tained with naphthaleneacetic acid (54 per cent) was with the weak solution 
(1 : 20,000). Woody cuttings in all trials gave lowest percentages of rooting, 
those treated with indoleacetic acid (1 : 10,000) giving only 28 per cent. 

Many growth-promoting auxins, such as indoleacetic acid, indolebutyric 
acid, naphthaleneacetic acid, and others, have apparently given marked re- 
actions with some plants in stimulating rooting (Went and Thimann, 1937 ; 
Traub, 1938). The evidence available on citrus is somewhat contradictory, 
however, and does not yet clearly indicate the practical value of such treat- 
ments in stimulating the rooting of cuttings. 

TOP-WORKING OP CITRUS TREES 

■WHY TOP-WOKK CTTEUS TREES? 

Occasionally it becomes desirable to change the variety of a tree, or perhaps 
of an entire orchard. No matter how much care is given to bud selection, some- 
times a bud stick of a poor strain or variety is used, or a mixture occurs 
accidentally and is not discovered until the trees fruit. As soon as such ofiE-type 
trees are discovered, they should be rebudded or top-worked to a good variety. 
It also may happen that the market demand changes and creates conditions 
which make a change of the variety of a grove desirable. Such groves may be 
successfully worked over to the variety desired, if the stock and the original 
scion trunk are such that a congenial combination will be provided for the 
new scion variety. 

Top-working old trees and old orchards, however, is an expensive and fre- 
quently doubtful procedure. Experience has shown that many old orchards 
which have been top-worked should have been pulled and the land planted 
with young trees. The presence of diseases, especially virus diseases that may 
escape detection, could result in a poor orchard and perhaps considerable 
loss. Esselen (1933) wrote; “Only in eases where the trees are normal in all 
respects, except in that they produce undesirable fruit . . . can top-working 
be expected to be successful.” No undersized or diseased trees should ever be 
top-worked. Orchards that are apparently vigorous and healthy should not 
be top-worked until all the trees have been thoroughly inspected to discover 
the possible presence and prevalence of such virus diseases as scaly bark. If 
the number of trees to be treated is at all great, growers are urged to seek the 
best expert advice before deciding on the policy to pursue. 

TREES THAT CAN BE TOP-WORKED 

Little information is available from which to .iudge what combinations of 
stoelrn and scions in top-working are likely to be most successful. It can be 
stated that, in general, any citrus trees may be top-worked with any variety 
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of the same species, with reasonable expectation that growth will he equal to 
that of the original tree. That is, a top of sweet orange may be top-worked 
to any other sweet orange, a lemon to any other lemon, or a grapefruit to any 
other grapefruit, with expectation that the combination will be equally sue- 
cessful if the original tree was on a congenial stock. It must be understood, 
however, that top-working means that the combination produced will consist 
of rootstock, interstoek, and top, and that each of these may be different species 
or different varieties. Each of these parts of the top-worked tree will exercise 
an influence on the growth of the combination, and it is thus of primary im- 
portance to know that the combination is likely to produce satisfactory results. 

It is apparently important that the rootstock of the original tree should be 
one that is known to be satisfactory for the new top variety to be added. How 
far an intermediate sector of the trunk (interstock) of a certain variety, such 
as is left in top-working, affects the combination, or can be expected to over- 
come a lack of congenialitj’' between rootstock and top-worked variety, is not 
yet entirely clear. Some results which have been observed seem to indicate 
that a sweet orange interstock b etween lemon varieties and sour or ange root- 
stoeks tends to overcome in part the lack of congeniality commonly exhibited 
between these two species. It seems probable fx*om certain observations that 
interstoeks of two different varieties of the same species may, at least occa- 
sionally, react differently. (For discussion of interstock reactions consult 
section on interstocks, chap, ii, p. 152.) 

METHODS OP TOP-WOBKING 

The eye- or shield-budding method of top-working citrus trees' is the most 
satisfactory of those with which the writer is familiar. When this method is 
used, the budding is done preferably ui the early part of October, while the 
bark is still slipping and there is time for the healing of the buds to take place 
before cold weather begins. Bach tree that is to be top-Avorked presents an 
individual problem, if the buds are to be placed properly to provide for the 
development of a strong, well-shaped top. 

In preparing the tree for budding, only such pruning should be done as is 
necessary to open up the top and permit the operator to work freely. Too 
much pruning is likely to slow up growth and set the bark so that the budding 
will be delayed for some time, until growth is resumed. Such delay may malte 
the budding too late. Such pruning as is found necessary should be done just 
before the budding. 

On each tree, the 3 to 6 limbs which are the best placed to gh^e a properly 
spaced top are chosen for budding (fig. 35). A widespreading top soon forms 
from the buds, and the budded limbs may therefore be rather close together. 
The limbs selected may be 2 to 4 inches or more in diameter, but preferably 
not more than 4 inches. At points where buds are to be inserted, the limbs 
should be as nearly upright as possible, so that the erect-growing shoots from 
the buds will not form too sharp an angle with the supporting limb. 

’ The method is described here as practiced by C. S. KnowHoii of Eiillorton, California, 
an exiiert worker in this field. 
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For top-working, good-sized, round budwood, about % inch in diameter, 
should be chosen. The ordinary shield- or eye-budding method is used, as 
previously described (see section on inserting and wrapping the buds, p. 19) . 
On each limb that is to be worked over it is usually desirable to place two 
buds ; one alone might fail to grow, but with two the chances of success are 
more nearly assured. .The buds should be placed on the same side of the limb, 
an inch or so apart and 12 to 18 inches from the central trunk. If the limb is a 
lateral one and not entirely erect, the buds should, preferably, be placed on 
the upper side of the limb, each slightly at one side of the upper center 
(fig. 36). 



to be budded in top-working old trees, and 
location of cuts in removing the limbs to 
force the buds; a, a, buds. 




Fig. 36. Sketch illustrating 
proper location of two buds 
at right and left of center of 
cut-off end of a lateral limb, 
in top-working old trees, a, 
upper surface of limb; b, 
where limb is out off to force 
buds. 


When old limbs are budded by this method, the bark must be thinned 
slightly, to prevent too great pressure on the bud and to allow the bark of the 
trunk to fold in more closely around the bud with less air space. The thinning 
is done either by carefully slashing the bark up or down with a sharp knife 
and removing thin shavings, or by scraping. After the bark has been thimied, 
a T-shaped cut is made in the center of the small thinned area and the bud is 
inserted by pushing it downward into tlie cirt. 

The bud is wrapped in the usual way, by winding it with strips of waxed 
cloth drawn tightly around the limb. If the two buds have been inserted prop- 
erly at the same height on the limb, both can be covered by the same wrapping. 
The buds are then left for about four to six weelrs, until they are well healed 
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on, after which the wraps should he removed. If the wraps are left on too 
long, the callus forming on the edges of the old bark may grow in and entirely 
cover the bud and prevent its growth. 

After the buds are unwrapped, no further attention is necessary until some- 
time in Januar 3 '-, when the limbs should be cut off just above the buds. This 
wiU stimulate the buds to develop when growth first starts in the spring. The 
limbs should be sawed off carefully, with a sloping cut, in such a way that the 
buds are left at the upper edge of the cut, so near to the cut edge that, as they 
grow, they continue the branch without leaving a protruding stub (fig. 35). 
The cut can start about % inch above the upper end of the bud, or at about 
the point above the bud where the top of the T-eut was made in inserting the 
bud. As soon as the limb is removed, the cut surface should be thoroughly 
covered with a good asphalt emulsion or with grafting wax. 

While the covering wax is still soft, it is a good practice, also, to cut a 
close-fitting cap of good w'hite paper of the same shape and size as the cut 
surface of the limb and to place this cap over the cut end and press it into close 
contact with the wax to hold it in place. This white covering reflects heat and 
serves as an additional protection. Care should be exercised not to let the cov- 
ering wax run dovm over the buds. All permanent main and lateral branches 
should be thoroughly whitewashed to prevent sunburn. (For a whitewash 
formula see Appendix to chap, v, p. 299.) 

The buds should push very early in the spring and make a vigorous growth. 
Attention must be given them from time to time, to direct the growth and 
remove from the old limbs all vertical sprouts that may interfere with the 
growth of the buds. It is also desirable, if the buds tend to grow too tall and 
slender without branching, as they sometimes do, to nip the tops off to stimu- 
late branching before thej^ get too high. If both buds inserted on a limb have 
grown, one should usually be removed, the one that is the larger and better- 
placed being retained. Ordinarily, if the buds are properly spaced no staking 
or tying is necessary ; but if wind breakage is feared, they may be supported 
temporarily by loose ties from one bud to the other, or by staking. 

The limbs that were not budded, if placed where they do not interfere with 
the growing buds, should be left temporarily as nurse limbs to keep the tree 
and roots in good condition while the buds are growing. 

For further pruning of the top-worked trees, Mr. Knowlton (see footnote, 
p. 61) described the procedure as follows: “I usually start light pruning on 
the nurse limbs shortly after the buds have started nicely. I first cut off most 
of the growth that is higher than the buds and then the growth that drags on 
the ground. This may well be roughly done with large, long-handled pruning 
shears. All vigorous suckers should be I’emoved, to keep them from getting 
out of control, so that the vertical growth will go isito the buds. 

“The final removal of the nurse limbs should be started in the winter follow- 
ing the forcing of the buds, and all should be removed during the following 
summer. If any vertical limbs were left unbudded these should be the first re- 
moved. Trunks and large limbs that remain should be whitewashed promptly 
[fig. 37] , to prevent serious sunburning.” 
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The removal of the tops from the budded limbs and the removal of the 
nurse limbs, at the proper time, is likely to destroy an amount of fruit that 
the ^wer would like to save. Experience has shown, however, that no attempt 
should be made to salvage anything from the fruit on trees that are being 
top-worked. For successful top-working, each operation in the process of 
pruning must be done at a certain time, regardless of the finiit, which, at best, 
is of little value or the trees would not have been top-worked. 

If both of the buds on a limb fail to take, the limb should be cut off in Janu- 
ary when the other limbs are removed; it can then be rebudded early in the 



Fig. 37. Group of top-worked sixty- vear-old sweet seedluig orange trees, after removal of 
nurse limbs and whitewashing of trunks. 


spring when the bark begins to slip. In rebuddiiig, the buds are placed close to 
the cut end of the branch, in about the same position as before with reference 
to the cut end, so that the limb will not bare to be stubbed back later (fig. 35). 
Although fall budding, as described above, is the preferable method, it is en- 
tirely feasible to cut off the chosen limbs in January’ and do ail the budding 
in the spring. 

Another method of top-working commonly used is to place buds in selected 
limbs in the spring and, after they have healed on, cut off the limbs to force 
growth; otherwise, this method is the same as tlie preceding. It is not so satis- 
factory a method, however, as the main growth of spring is lost, and the bud 
sprouts go into the succeeding winter soft and immatni-e. 

Still another method, at one time commonly used, is to cut off the lim^ 
where desired and allow sprouts to grow from them, into which buds are in- 
serted, as in budding nra-sery trees. This method has been almost wholly 
abandoned ; it consumes too much time and is too severe a shock to the tree 
because of the two different and severe prunings required. 

In top-working old trees, many forms of sprig, hark, and cleft grafting 
(see figs. 21, 24, and 2-5) have also been employed successfully. In applying 
these methods in top-working, the same general procedure is followed as when 
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budding is used. The limbs to be top-worked are chosen in the same way, but 
bark and cleft grafting require that these be cut off when the grafts are in- 
serted. The operation is usually performed in the spring soon after the bark 
begins to slip. The subsequent care in the development and protection of the' 
growing scions, and the pruning off of the unworked limbs, is the same as with 
the budding method. Some operators, apparently, still prefer to use grafting 
methods in top-working old trees, but experience seems to have indicated that 
none of these methods are, in general, as satisfactory with citrus as the shield- 
or eye-budding method described above. 
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ROOTSTOCKS : THEIR CHARACTER and REACTIONS 

BT 

HERBERT JOHN WEBBER 


T |he varieties of citrus fruits grown commercially do not reproduce true 
to type through seed. They must therefore be propagated by some vege- 
tative means, such as by cuttings or layers, or by grafting or budding 
onto a rootstock of some nearly related species or type. The last-named method 
is the one generally used in the propagation of citrus varieties, and the com- 
mon nursery practices are described in the preceding chapter. 

The propagation of different types of citrus by grafting has been practiced 
to some extent since the early days of the Christian Bra. Palladius, who is 
thought to have written at some time in the fifth century, stated (Gallesio, 
1811, p. 215) : “They graft the citron in April in warm districts and in May 
in colder latitudes, placing the graft not upon the bark, but opening the stem 
or trunk near the gi'ound.” 

It has long been recognized that the stock and the scion have an important 
reciprocal influence on each other, and that a certain affinity or congenial 
relationship must exist between them. It is also recognized that different 
stocks vary in their adaptability to growth on different soils and under 
different climatic conditions, as well as with different scion varieties. While 
a considerable fund of information has been accumulated concerning re- 
actions under different conditions, growers in many citrus sections are yet 
somewhat in doubt about the best stocks to use. 

DEGREE OF AFFINITY OR CONGENIALITY OF 
ROOTSTOCK AND SCION 

Not all citrus species and types can be used successfully as rootstocks. Even 
though it may be possible to work or unite one species with another, the growth 
resulting from the union may not be commercially satisfactory. The stock 
and scion must not only be capable of uniting, but must also be capable of 
producing long-lived, productive trees. This relationship between stock and 
scion, which is commonly termed affinity or congeniality, is of fundamental 
importance. 

If the union between scion and stock talces place readily, and the growth 
and development of the combination proceeds without difficulty, it is said 
to be a congenial union. The degree of congeniality is evidently correlated in 
some measure with the degree of genetic relationship between the two types 
united. Apparently, all the different species of Citrus commonly grown can 
be worked on one another successfully, so far as obtaining a fusion of the 
tissues and a growing plant is concerned ; some combinations are much more 

[ 69 ] 
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successful than others, however, and a wide range in degree of congeniality 
is thus shown. The commonly grown Citrus species (orange, lemon, grape- 
fruit, etc.) can also be worked on various species of genera closely related to 
Citrus, but usually these combinations can scarcely be considered fully con- 
genial, even though commercially successful orchards may be grown with 
certain of them. As an illustration, oranges propagated on the trifoliate 
orange, which belongs to a different genus (Poncirus), may in some places 
produce very successful orchards, though the type of union and growth indi- 
cates clearly that the combination is not a fully congenial one. 

Dr. ‘W. T. Swingle and his associates in the U. S. Department of Agricul- 
ture have shown that varieties of the orange can be worked successfully on 
seedlings of species belonging to such widely distinct genera as Eremocitrus 
Swingle, Microcitrus Swingle, Swinglea Merrill, Severinia Tenore, and the 
like, but it has not yet been shown that any of these can be considered suffi- 
ciently congenial to produce successful commercial orchards. (Consult Vol. I, 
chap, iv.) It is probable that if the heritage brought to the industry by these 
citrus relatives is to be of commercial value, it will come through the use of 
hybrids of these with the orange or some other species of Citrus. The possi- 
bility will be more fully discussed in a later section. The genera here men- 
tioned are all rather closely related to the genus Citrus, belonging to the 
tribe Citreae. Those species of the Rutaceae which belong to the dry capsular 
section of the family are so distinct from all Citrus species that apparently 
they cannot be expected to unite in propagation. However, in one experiment 
conducted in Florida the writer succeeded several times in getting sweet 
orange buds, inserted on limbs of Zanthoxylum ftoridanum Nutt.,^ to unite 
and remain green for about six months, one of them pushing out a weak shoot 
about % inch long before it died. It is clear that the limit of possible fusion 
was reached and that the degree of relationship was so slight that fusion and 
life were possible for no more than a short period. 

Thus, the possibility of successfully working one plant on another is ap- 
parently based on the closeness of genetic similarity or relationship, the 
degree of congeniality following very closely the nearness of genetic con- 
stitution. In general, plants that can be successfully hybridized can be suc- 
cessfully worked together in propagation. 

PHYSIOLOGICAL AND ANATOMICAL RELATIONS OP 
ROOTSTOCK AND SCION 

The influence of the stock on the scion may, in general, be considered similar 
to an environmental reaction, and the same may also be said of the influence 
of the scion on the stock. Bach of the two distinct portions of the tree retains 
its individual or genetic characteristics, but these may be modifled in expres- 
sion by the changed conditions, much as they may be modifled by a change of 
environment. The variations are usually quantitative, such as changes in size, 
longevity, d ensity of color, and the like. The variations caused by the inter- 

^ In Index ICewensis, Z, floridanv/m Nutt, is given as a synonym of Z. caribaeum Lani. 
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actions between stock and scion are here designated “stionic variations.’” 
Some of them may readily be explained as results of well-known growth re- 
actions, but for others the fundamental reasons are not known. 

In the union of the tissues of stock and scion there is a complete fusion, 
although the ceUs of each type retain their individiiality. The fusion is thus 
not accompanied by nuclear fu.sion, as when sexual gametes fuse, but is 
merely a fusion by the growing and cementing together of the cell walls placed 
in close contact with one another. This fusion, however, is limited to the new 
tissues developed from the growing cells of the cambium layers of stock and 
scion (see chap, i, p. 27). The old differentiated tissues never unite, but are 
merely overgrown by the new tissues. That there is rarely if ever a fusion of 
nuclei in the cells at the point of union is shown by the fact that the sprouts 
forming in this region where the two tissues are more or less commingled are 
either of one kind or the other. The writer has examined many thousands of 
such sprouts originating so near the union that it could not be told whether 
they were actually from the scion or from the stock, and yet such sprouts 
invariably were either wholly like the stock or wholly like the scion, showing 
clearly that they originated from the tissue of one or the other. In citrus, the 
writer has never seen originating on the line of union a sprout that exhibited 
the commingling of the two tissues in a chimera. It is entirely possible, how- 
ever, that such chimeras may occasionally be formed. (See Vol. I, p. 870.) 

A stion thus represents an artificiaUj^ produced symbiosis in which the 
symbionts live together in a close association that is mutually beneficial, each 
retaining its own characteristics and heritage. 

As the plants that are grafted together grow, the connections of the bark, 
woody cylinder, vascular bundles, and like tissues of stock and scion are 
established in such a way that the normal passage of the transpiration stream 
and certain nutritive materials takes place. 

Strasburger (1901) found protoplasmic connections or plasma bridges be- 
tween the cells of the stock and those of the scion in certain plants; it is thus 
possible that there is a migration of idioplasm and plasma particles. However, 
little is definitely known conceming limitations in the passage of different 
materials. That water, sugars, and the ordinary nutritive materials in solu- 
tion in the sap pass readily through the tissue unions is evident from the 
continued growth. It does not seem likely that plastids or organized proto- 
plasmic bodies would pass from scion to stock, or vice versa, but substances 
such as hormones and enzymes may be expected to do so and to produce char- 
acteristic reactions. 

Although no instance of stionic reaction in citrus, known to the writer, has 
been shown to be due to the passage of hormones from one symbiont to the 
other, certain instances are suggestive of such an infiuence. Dr. W. T. Swingle, 

^ For the sake of clarity and brevity, several words coined by the writer (Webber, 1932c, 
p. 4) are used in this discussion: Stion — any plant or tree composed of a stock and a scion 
growing in combination. This term is used irrespective of the method cmploj’ed in propaga- 
tion, i.e., budding, grafting, inarching, etc. It is formed by combining the drst two letters 
of the word stock with the last three letters of the word scion. Stionic — pertaining to a 
stion. Stionic variation — a variation caused by the reaction between stock and sdon. 
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of the TJ. S. Department of Agriculture, has informed the writer that in Italy, 
where the lemon is extensively propagated on sour orange stocks, it was com- 
mon practice a few years ago to grow also a few small branches of sour orange 
from buds inserted on the lemon scion trunks. This was said to protect the 
lemon against infection by foot-rpt gummosis at the bud unions and to insure 
healthy growth of the sour orange stocks. The method has not been practiced 
in the United States, but in neither country has the sour stock been entirely 
satisfactory when worked with the lemon. 

Dr. Swingle also relates that, in working the wampee {Clausena Lansium) 
with certain Citrus species, he found that the grapefruit cannot he success- 
fully budded directly onto the wampee, but can be grown on wampee stocks by 
using an interstock of Rough lemon, which can he budded onto wampee. It is 
necessary, however, to allow a few small sprouts, with foliage, to develop from 
the wampee stock, or the grapefruit top soon begins to lose its leaves and 
finally dies. The grapefruit top. will also decline and die if the wampee sprouts 
are allowed to grow too large. 

The foregoing examples indicate that a substance similar to a hormone and 
peculiar to the species may be produced in the top growth of the stock tree, 
and that it must be supplied to the roots, though in limited quantities, to 
insm’e the health and continued good growth of the combination. 

In the writer’s experiments at Riverside, California, five two-year-old 
budlings each of Eureka lemon. Marsh grapefruit, Valencia orange, and Sat- 
suma mandarin on seedlings of Severinia buxifoUa, and a similar number of 
budlings each of Eureka lemon. Marsh grapefruit, and Satsuma mandarin on 
Eremocitrus glauca, were planted in an experimental orchard in 1931 and 
have been under observation since. The trees of all these eombinations were 
severely dwarfed, and some were weak and sickly ; all exhibited a tendency to 
throw out numerous sprouts from the stock below the bud. After the dwarfing 
liad been observed for two years in the orchard, several sprouts from the stock 
were permitted to develop on each tree. During the next six years the root 
sprouts were permitted to grow, but no effect or beneficial infiuence could be 
observed. 

Went (1938), in investigations of the effect of stock on scion, using differ- 
ent varieties of the garden pea, found that the growth of the scion was not 
merely a simple nutritional effect, but that the expression of many characters 
in the scion apparently depended on the presence of growth factors in the 
rootstock that he considered to he hormones and called “calines.” It is quite 
possible that such hormones may be present in citrus and may infiuence stionic 
reactions, but no adequate investigations have as yet been made. 

When stock and scion grow well together, it is evident that each symbiont 
is able to utilize the materials produced or stored in the other. According to 
Daniel (1894), the reserve materials of the stock are rarely utilized by the 
graft of a plant of another family. With plants of the same family, the graft, in 
general, uses the reserves of the stock as though they were its own. A notable 
exception to which Daniel directed attention was found in the absorption 
of inulin by stion combinations of the Ciehoraceae : only scions with roots 
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contaimng inuliu absorbed this substance from tbeir stocks. A’'o instance com- 
parable to this is known in the citrus group, but the illustration emphasizes 
the necessity of retaining a normal ph 3 'siologieal balance between the stock 
and the scion if the union is to be a successful one. However, so little is known 
about the phj'siological processes and reactions that take place between stock 
and scion that there is scarcely any evidence available to indicate what con- 
stitutes a normal physiological balance. Such evidence as is available is based 
almost solely on nearness of genetic relationship and the observation of results 
obtained by actual trials. Many instances of different phj'siological reactions 
will be discussed under other headings. 



C-3^ C-2 C-/ C ^ C*t C*Z C+3 


Pig. 38. Kootstock reactions in citrus, arranged in “raimis” and “plus” scries according 
to stock size. The reaction between stock and scion is shown for various rootstocks, as 
follows: C, sweet orange, showing normal good congeniality of stock and scion; C-t, 
good sour orange; C-£, medium-good sour orange; C-S, bad sour orange; C+1, grape- 
fruit; C + 8, trifoliate orange; C-fd, China lemon. 


INTEERELATIOKS BETWEEN STOCK AND SCION 
GROWTH REACTIONS AT BUD UNION 

The most noteworthy i-eaetions between stock and scion i;; citrus are inti- 
matelj" related to growth rate and usually can be plainly seen bj' an exami- 
nation of the trunks at the point of union. Sometimes the scion overgrows the 
stock; sometimes the revei'se occurs. These reactions pretty clearl.v represent 
the degree of congeniality or affinitj- between the two and provide a means 
of at least jjartially predicting the results that are likely to be obtained from 
a given stionic combination (Webber, 1926, 1927). 

The scion and stock reactions commonl.v exhibited in citrus propagation 
are illustrated in figure 38. Here the central figure (C) shows a type which 
is interpreted as illustrating thorough congeniality, the bud union being 
smooth and even and the trunk gradually tapering or decreasing in size from 
the roots upward, as occurs normally in an unbudded tree. Such a develop- 
ment indicates a uniform balance of physiological functions and grow'th rate 
between stock and scion, and a harmony of genetic relationship that -permits 
a thorough and normal fu.sion of tissues at the bud union. This result is com- 
monly obtained when varieties of the sweet orange, such as the Washington 
Navel and the Valencia, are budded on good, thrifty sweet orange seedlings, 
both scions and stocks being the same species (fig. 39) . Thorough congeniality 
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is apparently obtained also when Enreka lemon or Lisbon lemon is bndded 
on certain good types of the sweet orange, or on the Eough lemon. All the 
data available from extensive observations indicate that stocks and scions 
giving such uniform growth at the bud union commonly produce long-lived, 
vigorous, healthy, productive trees. 



Fig. 39. Stionic reactions at Inid union indicating thorough eongenialit y : A, Wash- 
ington Navel on sweet stock (thirty- five years old) ; B, Valencia on sweet stock (fifteen 
years old). 


On each side of the central illustration (C), in figure 38, are shoivn series of 
reactions that are Itnown to occur with considerable regularity. On the left 
is arranged a series designated “minus” reactions {C-l, C-3, C-3), where 
the groAvth of the rootstock is slower than that of the scion. This condition 
is accompanied, in extreme cases {C-3), by a very marked swelling and over- 
growth -of the scion at the point of union. All these types are exhibited in 
greater or less degree when navel or Valencia, oranges, or especially Eureka 
lemons, are budded on sour orange stocks (fig. 40). Sour orange seedlings, 
as commonly used, vary greatly in type and genetic constitution, and this is 
doubtless the reason for the variation in the reactions obtained. 
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Figure 38, C-1, illustrates a type of reaction obtained where a fair degree 
of congeniality exists. The bud union is smooth and indicates good fusion and 
ready passage of nutritive solutions, but the stock trunk develops more slowly 
and is somewhat smaller than the scion trunk. This is the common result when 
sweet orange varieties are budded on the sour orange (fig. 41), and is obtained 



Pig. 40. Stionie reactions showing overgrowth of the stock by the scion, with varying 
degrees of congeniality: A, Eureka lemon scion on sour orange stock, badly overgrown and 
dwarfed (twelve years old) ; S, Lisbon lemon on sour orange stock — a fairly good union 
for this combination (fifteen years old) ; C, Eureka lemon on sour orange stock, illustrating, 
most common reaction with this combination (thirty -five years old). Note shell-bark disease 
on lemon trunk (C) above union. 

in some degree when lemon varieties are budded on the best sour orange stocks. 
The reaction illustrates a fairly favorable condition, as the bud union is npt 
excessively swollen and the scion is, in general, nearly up to standard in size, 
or is only slightly dwarfed. 

In figure 38, C-3 and C-3 represent types of reactions obtained very com- 
monly when varieties of sweet orange or lemon are budded on sour orange 
stocks. The general reaction is the same as that illustrated in C-1, only more 
pronounced in C-2, and extremely marked in C-3. In types such as C-3, in 
which the scion is much swollen at the bud union, the scion top is likely to be 
somewhat dwarfed; and in such extreme types as C-3 the trees are finally 
much dwarfed, short-lived, and unsatisfactory. This is noticeably true of 
Eureka lemon, many groves deteriorating at fifteen to twenty years of age and 
becoming very unsatisfactory. 

Jensen, Wilcox, and Foot (1927) studied the effect of the degree of over- 
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growth of the scion by correlating the ratio of scion overgrowth^ to volume 
of tree top. Different lots (populations) of Eureka lemons on sour orange 
stocks gave the significant negative correlations of -0.28 ± 0.02 to -0.61 dz 
0.04, thus showing clearly that, in general, the larger the swelling at the bud 
union, the smaller the top. Populations of Lisbon lemon on sour orange also 
gave negative correlations, but much smaller (- 0.17 ± 0.03 and -0.07 ±; 0.08) 

and scarcely significant. Both the 



Eureka and the Lisbon lemon on 
grapefruit stocks, on the contrary, 
gave smaller positive correlations, 
+ 0.09 ± 0.07 and + 0.45 ± 0.08 
respectively, the latter being, ap- 
parently, significant. 

Lisbon lemon is less subject to 
unfavorable reaction on sour 
orange stock than Eureka lemon, 
sweet orange varieties are less af- 
fected than Lisbon lemon, and 
grapefruit varieties are appar- 
ently normal; but combinations 
of stocks and scions showing siich 
evidence of uncongeniality are 
not likely to be long-lived or fully 
up to stasidard in size and produc- 
tivity. 

The degree of difference in the 
overgrowth of the scion is appar- 
ently to be explained as due to the 
different degrees of affinity ex- 
hibited by the valuable seedlings 
used as stocks. It is well known 


Fig. 41. Valeuciji orange on sour orange stock, 
illustrating typical good union for this combina- 
tion, many unions being much more swollen. Tree 
seventeen years old. 


that unselected sour orange seed- 
lings are very variable in char- 
acter, especially in growth rate 


(Webber, 1920ff, 19206, 1920c, 
1932a), and similar variability is to be expected in the seedlings of all species 
or types of citrus that are not largely reproduced by nucellar embryony. 

The physiological reason for the development of the swellings above the 
bud union is not yet fully explained. Similar developments in other combina- 
tions of stock and scion have been attributed to some interruption in the 
passage of nutrient elements, especially carbohydrates, through the fusion 
tissues at the point of union, a condition leading to their accumulation above 
the bud and a resultant swelling. Jensen and his co-workers (1927), in a 
limited study, foimd a greater accumulation of starch above the bud union 


'■ This ratio is obtained by dividing the circumfeTence of the scion just above the union 
by the circumference of the stock approicimately throe inches below the union. 
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with sour stock than with grapefruit stock, but did not extend the study sufS- 
ciently to justify the conclusion that this is generally true. This result, how- 
ever, is in accord with expectations, as the grapefruit stock trunk normally 
shows a slightly more rapid development than the scion trunk, with both 
orange and lemon varieties, indicating quite clearly that the carbohydrates 
produced in the top and required for growth must reach the stock trunk in 
abundant quantity. 

The reactions to girdling, or to cutting of the bark at right angles to the 
stem, are also of interest in the interpretation of the plienonienon of scion 
overgrowth. Girdling in citrus and deciduous fruits is known to induce the 
accumulation of carbohydrates in the ti.ssues above the cut. Such mutilations 
sever the sieve tubes and interrupt the normal translocation of nutrient ma- 
terials. This accumulation of carbohydrates in the top portions of the tree, 
following girdling, is indicated by the increase of soluble solids and reducing 
sugars in the juice of Washington Kavel oranges, as found by Church (1933) , 
and is probably to be considered a common phenomenon following any inter- 
ruption of the downward transportation of photossmthetic materials. 
Heinicke (1933, p. 229) found that, with apple shoots, lunging tends to reduce 
the photosynthetic activity of the leaves and to increase respiration. This is 
indicated as probably “due to the harmful influence of an accumulation of 
the products of photosynthesis ; possibly also due to the lack of water and 
nutrients from the soil.” 

Reichert and Perlberger (1934, p. 201), in their study of the disease 
xyloporosis on sweet lime stocks budded to Shamouti sweet orange, found 
that the sieve tubes at and below the bud union were injured and their func- 
tion apparently impaired. This resulted in an accumulation of photosynthetic 
products in the scion and an abnormal swelling and overgrowth just above 
the union (see discussion on pp. 97—98). The fruit on diseased trees also was 
found to contain increased percentages of total solids and reducing sugars, as 
was noted in the girdled trees cited above. 

It is not possible, with the limited knowledge available, to conclude that 
the faulty xmion of uncongenial tissues is the true cause of the overgrowth of 
the scion as illustrated iu figure 38, C— 5, and C-S,' but from the similar re- 
actions caused by traumatic influences, such as by girdling or by diseases at 
the union, it does seem that lack of congeniality may be considered the im- 
portant factor, even though the physiological reactions are not completely 
elucidated. 

The poor condition of the tops and the sickly appearance of the leaves in 
severely overgrown stocks might naturally be expected to follow from the 
injurious influence of too high concentrations of the products of photossm- 
thesis, owing to the interruption of their normal translocation and use. It is, 
of course, equally true that water supply and nutrients taken from the soil 
may be interrupted in passage at the union and may contribute to the effect. 
It is also certain that the failure of photosynthetic products to pass freely to 
the rootstock would decrease the growth and normal development ; a vicious 
circle is tlius formed by the poor union. 
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The series of reactions Ulnstrated on the right of figure 38, C, and desig- 
nated as the “plus” series, shows the tendencies opposite to those discussed 
above. Here the growth of the stock is for some reason more rapid than that 
of the scion, and as a result the trunk of the stock is larger than the scion 
trunk. Trees of Eureka lemon, navel orange, or Valencia orange budded on 
grapefruit stocks almost invariably show this larger size of the stock trunk, 
as illustrated in figure 38, C -f f (see also fig. 42, A and B), birt the degree of 
difference in size is not so marked as in some other cases. In these combinations 



Pig. 42. Stionie reactions sliomng overgrowth of the scion by the stoch, with varying 
degrees of congeniality : A, Valencia orange scion on grapefruit stock (nineteen years old) ; 
B, Washington Navel on grapefruit stock (twenty years old) ; and C, Washington Navel on 
trifoliate orange stock (twenty-five years old). 


the natui’al growth rate of the scion and stock types is normally about the 
same, and thus the increase in the size of the stock trunk apparently cannot 
be attributed entirely to differences in normal growth rate. The reaction of 
the scion on the stock in some way stimulates it to a somewhat more rapid 
growth than normal. 

When lemon or sweet orange varieties are budded on the trifoliate orange, 
which normally is a tree of slower growth and smaller size, the reaction at 
the bud union is similar to that produced with grapefruit stock, but is more 
pronounced. The stock is forced into abnormally rapid growth, and the scion 
is slowed down in growth and commonly dwarfed in size, as illustrated in 
figure 38, C+2 (see also fig. 42, C). Here, invariably, the stock overgrows the 
scion. This stock has sometimes been put to practical use in the propagation 
of navels and other orange varieties to obtain dwarfed trees and early fruit- 
ing, but has rarely given satisfactory results over a long period of time, and 
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orchards of this combination are rarely retained longer than twenty or 
twenty-five years. There are exceptions, however, which will be discussed 
later. Lemon varieties on trifoliate orange are even more severely dwarfed 
and rarely have proved satisfactory. 

The overgrowing of the stock trunk in the trifoliate orange budded to 
sweet orange, grapefruit, or lemon varieties is remarkable. The trifoliate 
orange is a deciduous tree having a very definite winter rest period, and, in 
comparison with the evergreen orange and lemon varieties used as scions, 
has much smaller leaves and very sparse foliage. The common orange and 
lemon varieties have no very definite winter rest period, but are active more 
or less continuously. It would seem, therefore, that the reaction here is to be 
explained by the additional nutrition supplied to the trifoliate orange root- 
stock, which causes it to grow much more rapidly than it would under normal 
conditions. 

At one time, when taking wood samples with an increment borer from an 
eight-year-old tree of Washington Navel orange on trifoliate orange stock, at 
Meloland, California, the writer noted that the resistance to penetration 
offered by the wood of the much-swollen stock was very slight. Tests on the 
wood of a normally grown trifoliate seedling of about the same age revealed 
a much greater resistance to penetration. This difference was interpreted to 
indicate that the wood of the trifoliate rootstock had been stimulated into 
rapid sucker-like growth by the greater photosynthetic capacity of the ever- 
green scion with larger leaf area. A microscopic examination of comparative 
wood sections showed the various tissue cells of the wood in the overgrown 
trifoliate stock trunk to he much larger than those in the normal trifoliate 
orange seedling. Although these were hastily made, isolated observations, 
they probably represent about what normally occurs. 

Orange varieties, especially Valencia, have frequently given excellent re- 
sults for a limited time on trifoliate stock, but lemons have never succeeded 
on this stock, and orange varieties frequently fail on it. It is clearly an erratic 
stock. 

Grapefruit stock, on the other hand, which usually slightly overgrows scions 
of lemon or orange varieties, has frequently given good results. Nevertheless, 
there have been many indifferent results and failures with the use of grape- 
fruit as a stock with orange varieties. 

A greatly enlarged growth of the stock trunk is also produced where the 
China lemon ( Citrus Medica Linn. ) is used as a stock for varieties of the sweet 
orange and at least some lemons. Here the overgrowth is apparently fully as 
severe as with the trifoliate orange, and there is a great tendency to develop 
sprouts or suckers from the stock (fig. 38, C^-5) , which does not occur with the 
trifoliate stock. The effect of this overgrowth of the China lemon stock has, 
in almost every instance studied, proved finally to be injurious. 

With any particular combination of stock and variety, considerable vari- 
ation in reaction can be found, though the general tendency of the seedlings 
of each stock discussed is to show the reaction indicated. It may be concluded 
that the uniformity of trunk growth illustrated in figure 38, C, generally indi- 
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cates perfect congeniality between stock and scion, and that any departure 
from this either way, as illustrated in the series of plus ( + ) and minus ( - ) 
reactions, may be regarded as indicating lack of congeniality and therefore 
the probability of erratic and undesirable results. 

It should be noted that in some unions stock overgrowth does not seem 
detrimental. Satsuma on trifoliate orange produces marked stock overgrowth • 
yet this combination is generally satisfactory and the trees are long-lived. In 
orchards fifteen to thirty years old, trees of Satsuma on trifoliate stocks are 
commonly much smaller than those of similar age on sweet orange stocks, but 
old trees, especially in Japan, are known to attain a very large size. It is 


TABLE 2 

Effect of Bootstock on Size and Yield of the Malta Sweet Oeange* 


Bootstock 

Height of tree 

Breadth of top, 
four feet from 
ground 

Yield, 

in number of 
fruits 


11 ft. 10 in. 


200 




26 

Sour orange 

5 ft. 9 in. 

5 ft. D in. 

10 


3fl. Sin. 


16 




* Tabulated from W. Hobertsou Brown (1920, pis. II and III). 


possible that overgrowth is not itself injurious, but merely indicates lack 
of physiological balance between the united types, and that other factors not 
yet determined cause the failure of certain combinations. 

EFFECT OF STOCK ON GBOWTH OF SCION TOP 

The same scion variety on different rootstocks. — The remarkable degree of 
change in size of stock or scion produced in some combinations in citrus is 
rarely appreciated. W. Robertson Brown’s (1920) experiments on citrus 
stocks, conducted at Peshawar in India, supply interesting illustrations of 
such striking changes. 

In these experiments, the Malta, a variety of the common sweet orange 
(Citrus sinensis), and the Santara,^ a variety of the mandarin orange (G. 
reticulata), were budded on four widely distinct stocks : (1) the common sour 
orange (C. Aurantium), (2) the galgal citron (C. Medina,), (3) the Rough 
lemon (G. Limon), and (4) the sweet lime or sharbete (G. aurantifolia) . The 
comparative size and character of root systems and trunks of the various 
combinations are well shown in figure 43. 

The Malta made fine vigorous growth on the Rough lemon, medium growth 
on the sweet lime, and still less growth on the sour orange and the citron. 
At four and one-half years from date of planting, an average tree of the Malta 
on eacli of the four stocks gave data on size and yield as shown in table 2. The 

the citrus literature of India the mandarin orange is referred to as the Santara, 
Sangtura, Suntara, Shngtara, Santra, etc. In this publication the spelling Santara, em- 
ployed by the Imperial Bureau of Fruit Production (1932), is used except in direct 
quotations. 
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Santara (mandarin) made the hest growth on the sweet lime and a fairly 
satisfactory growth on the sour orange, but was markedly dwarfed and un- 
satisfactory on the Rough lemon and the citron. 

The tendency of the Rough lemon and the sweet lime to produce very 
abundant lateral roots near the surface, and of the sour orange to produce 
a well-developed taproot, is shown with the scions of both Malta and Santara, 
though the trees and roots are of markedly different size (fig. 43). It will be 
noticed that size of root system is always in the same relative proportion to 



Kg. 44. Influence of rootstock on size of scion: Eureka lemon on grapefruit stock (left) 
and on trifoliate orange stock (right). Trees eight years Old. 


size of trunk and top. The citrus industry in Peshawar, India, according to 
Brown (1920), has been largely a failure because these stionic reactions 
were not recognized and stocks unsuited to the varieties were commonly used. 
It should be noted that these reactions do not entirely accord with experience 
in the United States, where mandarin varieties usually grow vigorously on 
Rough lemon stocks, the growth equaling or exceeding that on sour orange. 

Bonus and Mertz (1916) have presented evidence concerning the compara- 
tive size of trees of Washington Navel, Valencia orange, and Eureka lemon 
at seven years of age, when grown on sweet orange, sour orange, grapefruit, 
and trifoliate orange stocks at the California Citrus Experiment Station. The 
sweet orange stock produced the largest trees in every plot except one ; in this 
plot of Washington Navels grown on shallow soil, trees on sour orange stock 
were slightly larger than those on sweet orange stock. With the scion varieties 
tested, trees on grapefruit and sour stocks were next in size to trees on sweet 
orange, those on grapefruit stock averaging somewhat larger than those on 
sour stock. 
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The trifoliate orange, which shows the least affinity with the scion varieties 
tested, reacted differently with the different varieties. The most adverse con- 
dition was shown with the Eureka lemon, the average size of top in all plots 
being only about one-sixth of that of Eureka on sweet orange and only slightly 
more than one-fifth the size of Eureka on sour orange or grapefruit (fig. 44). 
In general, Washington Navels and Valencias on trifoliate stock were about 
one-fourth smaller than the same varieties on sweet ; but it is noteworthy that 
on the deep and rather heavy soil of one plot the Valencias on trifoliate orange 



Fig. 45. Influence of rootstock on size of scion: Marsh grapefruit on {A) Homosnss.a 
sweet orange, (B) Brazilian sour orange, (O]) Cunningliain citrange, and (D) trifoliate 
orange. Trees four years old. Brawley, California. 


were comparatively of the same size as those on sweet orange and larger than 
those on sour orange and grapefruit. The trees on trifoliate stock in this plot, 
at twenty-five years of age, continued to retain their same relative position and 
were considered to be standard-sized trees. 

Dwarfing effects of the trifoliate orange similar to those described above 
were also obtained by G. L. Taber in carefully planned experiments conductetl 
in Florida (Hume, 1913, p. 208). 

The range of variation in size exhibited by the Marsh grapefruit on different 
rootstocks is illustrated in figure 45. These are photographs of average-sized 
trees grown at Brawley, California, on a heavy loam soil in the rootstock 
experiments of the California Citrus Experiment Station. The trees were 
only four years old when photographed, but the same relative size has been 
maintained through a period of twelve years. Trees of the same combinations 
in the experiments at Riverside exhibit the same comparative sizes. In the 
same experiments, the trees of Marsh grapefruit on Rough lemon and grape- 
fruit stocks were of approximately the same size as those on sweet orange stock, 
and were larger than those on sour orange stocks. (Compare table 14, p. 200.) 

Frequently, in field plantings, marked differences in size have been ob- 
served in old trees of the same variety on different stocks, when growing .side 
by side under approximately uniform conditions. A divergence of this kind, 
in twenty-five-year-old trees of Valencia on sour orange and on sweet orange 
stocks, was studied by the writer at Lindsay, California (see fig. 46), where 
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two sections of a grove on comparatively uniform soil had been planted at 
the same time, one section with Valencias on sour orange and the oth,er with 
Valencias on sweet orange. ‘When studied, the trees were apparently in equally 
good health, but those on sour orange rootstocks were markedly smaller in size. 
An even more striking difference was observed by the writer in a thirteen- 
year-old grove of Valencia oranges in Florida. There, on a light sandy soil, 
the Valencias on Rough lemon stocks were much more vigorous and fruitful 



Fig. 46. Influence of rootstock on size of scion: Valencia orange on sour orange stock 
{left) and on sweet orange stock {right). Trees about twenty-flve years old. Lindsay, 
California. 

than those on sour orange stocks (see fig. 51, p. 105). It seems probable that 
the difference in growth on these two stocks was primarily caused by the 
variation in adaptability of the two stocks to the soil. In the rootstock plots 
of the California Citrus Experiment Station at Tustin, on a fairly heavy 
loam soil, the seventeen -year-old Valencia trees on sour orange stocks were 
fully as large as those on Rough lemon stocks (see table 1 1, p. 176 ) . 

Although stocks that have a severe dwarfing effect have not been generally 
employed in commercial citrus culture, the utilization of such dwarfing com- 
binations as pear on quince stock, apples on Paradise stock, and cherries on 
Mahaleb stock have nevertheless a definite place in the culture of deciduous 
fruits. It is not improbable that a dwarfing stock found to react satisfactorily 
and to give small but productive, long-lived trees, may ultimately prove of 
service in the citrus industry. The use in China of such slow-gi’owing, semi- 
dwarfing stocks as the Ponki (Cleopatra) and Sunki mandarins in the propa- 
gation of the fine mandarin varieties Ponkan and Tankan may be the factor 
that permits the very close planting, high yields, and high returns realized 
there with these varieties (T. Tanaka, 1929o). The important factor in prac- 
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tice is to know the type of reaction each stock produces, as a guide to the 
arrangement of the orchard, distance of planting, and so on. 

Different scion varieties on the same rootstock. — ^Reactions of different 
scion varieties on the same rootstock may also differ markedly, as has been 
indicated by the data presented in the preceding section. In the experiments 
of "W. Robertson Brown (1920), the two scion varieties Santara mandarin 
orange and Malta sweet orange, each on four different stocks (sour orange. 






yig. 47. Eeactions of different scion varieties to the same rootstock: Valencia orange 
{left) and Homosassa orange {right), both on sour orange stock. Trees thirteen years old. 
W. W. Youthers grove near Orlando, Florida. 

galgal citron. Rough lemon, and sweet lime or sharbete), exhibited marked 
differences in size of trunk and root system on the same rootstock (see fig. 43) . 

A variation in size of the two sweet orange varieties Valencia and Homo- 
sassa, both on sour orange stocks, is shown in figure 47. These two varieties 
are commonly supposed to produce trees of about equal size and vigor, but 
here on a medium fine sandy soil they have responded differently on the 
same stock. 

In trials with about twenty-five rootstock varieties planted in the years 
1927-1931 at the California Citrus Experiment Station a different growth 
rate is evident vdth almost every scion variety on every stock variety, the 
size of each scion variety on the various stocks ranging from dwarfed to 
large standard. It is noteworthy that the trees in the different i-epeat plots 
of the same combination, if on approximately the same type of soil, are of 
about the same comparative size. It is also to be noted that the trees in each 
plot, where the rootstocks were chosen by proper nursery methods, all ex- 
hibited close uniformity in size. Apparently, each rootstock variety tends to 
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produce the same general growth reaction in the various scion varieties when 
grown on the same soil and under the same climatic conditions. If the stock 
that give^ the most vigorous growth produces finally a lai’ge-sized tree, it 
can readily be conceived that in a long series of years a somewhat slower- 
growing stock, if equally long-lived and productive, might, because of closer 
planting, give equally good yields per acre and be more satisfactory because 
of the greater ease in handling. 

EFFECT OF SCION ON BOOT SYSTEM 

Although the root system is doubtless greatly infiuenced by the kind of 
scion grown on it, few definite statements can be made regarding the infiuence 


TABLE 3 

Boot Weight as Percentage op Total Plant Weight for Different Varieties 
OP Citrus on Trifoliate Stock* 


Scion variety 

Hoot weight 
(per cent of total) 

Scion variety 

Root weight 
(per cent of total) 

Valencia orange 

47.1 ±2.18 

Kinokuni mandarin 

45.6 ±3.34 

Joppa orange 

55.5 ±2.94 

Satauma mandarin 

38.0 ±0.87 

Washington Navel orange 

49.3 ± 1.93 

Mato shaddock 

37.6 ±1.17 

Thomson Navel orange 

43.9 ±2.52 

VUlafranca lemon 

31.0 ±0.76 


* Rearranged from Y. Tanaka (1931)« 


itself. Very little special study has been given to the reactions shown by roots. 
If the congeniality between scion and stock is good, so that a vigorous scion 
growth is produced, it is certain that a large and abundant root growth has 
taken place. On the other hand, if the relation between scion and stock is 
poor and the scion top is moderately or severely dwarfed, it is certain that the 
root system of the stock will exhibit similar dwarfing in a comparatively equal 
degree. This is iu conformity with the well-known complementary physiologi- 
cal functions between root and top and is the common observation of growers 
and experimenters the world over. It was demonstrated by the work of W. 
Robertson Brown (1920) and is clearly shown by his illustrations (fig. 43, 

p.81). 

Size relations between scion and stock will differ markedly with different 
combinations, but few such comparisons have been made. The Japanese 
investigator Y. Tanaka (1931) has given data for several different citrus 
varieties, aU grown on trifoliate orange stock; and his ratios of weight of 
roots to total weight of plant for the commonly known varieties are presented 
in table 3. 

These percentages are based on the average weight of six to eight plants of 
each combination, and indicate differences that are apparently significant. It 
is evident that such percentages indicate only the relative balance of weight 
between root growth and scion growth, not the comparative growth of differ- 
ent combinations. Tanaka concluded that “when the congeniality between 
stock and scion is perfect, the habit of the top strongly reflects upon the mode 
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of growth of root.” He also stated that the roots of the trifoliate orange when 
budded to lemon exhibited a lighter coloration. 

Halma (1934) found that root or stem cuttings of the sour orange develop 
marked taproots like those of seedlings,^ but that wheir such cuttings are 
grafted with lemon scions and grown they develop only spreading lateral 
roots similar to those of the lemon. The effect of the sour orange scion grafted 
on Eureka lemon, however, did not modify the root sj'-stem of the lemon stock. 
He also found that bark extracts of roots of the sour orange stock, developed 
after grafting to lemon scion, gave a color reaction which was neither that 
of lemon roots nor that of sour orange roots, although much closer to the 
former than to the latter. Eoots of lemon stock grafted to sour orange were 


TABLE 4 

Comparative Yields and Sizes op Trees on Sour. Orange and 
Trifoliate Orange Hootstocks 


Rootstock 

Average number of 
fruite per tree 

Average tree sise 
at 39 months 


At 27 months 

At 39 months 

Height 

Breadth 


13 

09 




67 

93 

6 ft. 2 in. 

7 ft. 0 in. 



apparently not affected with respect to color reaction of bark extract. In both 
combinations, however, it was noticeable that the external color of the roots 
resembled more closely that of the scion variety than that of the stock. 

EPEEOT OP ROOTSTOCK ON PRECOCITY OB EARLY FRUITING 

Not infrequently the unproductive juvenile period of development is longer 
when a variety is budded onto a vigorous-growing stock. In general, stocks 
that have a dwarfing effect tend to stimulate precocity or early fruiting. In 
experiments conducted by G. L. Taber at Glen St. Mary, Florida (Hume, 
1913, pp. 208-212), tests were made of twenty -three standard varieties of 
oranges and grapefruits on sour orange and trifoliate orange stocks, there 
being two trees of each combination. Table 4 gives the average total yields of 
all these trees at 27 months and at 39 months of age, and the average height 
and breadth of top at 39 months. 

Some difference was exhibited by different varieties, but the general effect 
of the trifoliate orange stock in producing early fruiting is clearly evident. 
It will be noted that the trees on trifoliate stocks were much reduced in size. 
Although dwarfed trees are very fruitful, the orchard yields of such trees 
will not commonly equal those of trees on standard stocks, which soon develop 
much larger fruiting surfaces and thus give larger orchard yields. The 

' Dr. W. T. Swingle in conversation has informed the writer that he did not get “marked 
taproots” in several hundred cuttings each of sour and sweet orange, but only spreading, 
branched roots. 
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precocity of such varieties as the Satsuma and Washington Navel orange on 
trifoliate orange stocks has been observed also in the Riverside experiments, 
and this is now a weU-recognized influence of this stock. 

Schultz (1938, 1939) has especially emphasized the precocity, in Argen- 
tina, of trees of Ruby, Jaffa, and Valencia sweet orange, and of McCarty 
grapefruit, when grown on stocks of the Rangpur lime. 

It is not likely that the slight degree of precocity caused by any stock is to 
be considered of much practical importance, as the amount of fruit produced 
by young trees is not sufficient to influence greatly the financial returns. Long- 
continued high productivity is a more desirable character. 

EFrECT OF ROOTSTOCK ON SEASON OF FRUIT RIPENING 

Apparently, slow-growing stocks with a dwarfing tendency tend to hasten 
fruit ripening. In the stock experiments at the California Citrus Experiment 
Station, in some seasons, Washington Navel oranges on trifoliate orange stock 
have colored in the fall nearly two weeks earlier than the fruits of the same 
variety on sour and sweet stocks. This effect, however, was partly seasonal and 
in ordinary seasons is not exhibited to the same degree. In these experiments, 
also. Eureka lemons on trifoliate stocks colored earlier than those on other 
stocks, producing a high percentage of tree-i'ipe fruits of poor quality. 
Williams (1911) states that in Alabama the Satsuma orange on trifoliate 
stock ripens its fimits several days earlier than Satsuma on any other stock. 

The season of maturing is determined mainly by the scion variety, and one 
chooses early or late varieties in accordance with what is judged to be the 
market demand, but an early variety may be rendered slightly earlier by 
propagating it on a stock that tends to produce early ripening. The effect of 
the trifoliate stock in this direction is probably connected with its tendency 
to become dormant very early in the f aU, which is a marked general character 
of deciduous types in comparison with evergreen types. 

EFFECT OF ROOTSTOCK ON SIZE, SHAPE, AND GRADE OF FRUIT 

In general, the fruits of any variety retain the principal characters of that 
variety, irrespective of the stocks on which they are grown ; they may, how- 
ever, be affected by the stock in the quantitative expression of certain char- 
acters, in the same way that environment affects these characters. The results 
obtained in India by W. Robertson Brown (1920) supply some excellent 
illustrations. On the sweet lime or sharbete stock, the fruits of the Malta 
orange were distinctly oval in shape, and pale, unattractive, lemon-yellow in 
color. The seeds averaged about seven in number, and the juice was moderately 
abundant, sweet, and better in flavor than that of the fruits on any of the 
other stocks used in the trials, which were the Rough lemon, citron, and 
sour orange. 

On the Rough lemon stocks in the same experiment, the fruits of 'the Malta 
were large and rather coarse, perfectly globular, rich attractive orange in 
color, and inclined to be thick-skinned. The juice was very abundant, spar- 
kling, and, especially on young trees, inclined to be somewhat too acid. The 
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seeds were nmnerous and large, usually numbering about sixteen or seventeen. 
The comparative size, shape, and sldu tliiekiiess of the Malta oranges on these 
two stocks are shown in figure 48. 

Bonus and Mertz (1916, p. 295), in reporting on the 1907 rootstock ex- 
periments at the California Citrus Experiment Station, where sweet, sour, 
grapefruit, and trifoliate stocks were used, had this to say with reference to 



Pig. 48. Stionio variations in frviit of Malta orange grown on different stocks. 
Fruits at left and at right were grorvn on Bough lemon stock; fruit at center, on 
sweet lime stock. (After W. Bobertson Brown, 1920.) 


the separation of the Washington Navel and Valencia oranges on the different 
stocks into the standard grades of fancy, choice, standard, and culls : 

“The percentage [of fruit] of each grade for any one variety in the same 
section appears to have no relation to the particular root ; seldom are such 
differences gi’eater than 4 or 5 per cent. The one exception is- Valencia on 
pomelo, [in Plot] B ‘shallow’ [soil], where ‘fancy’ fruit of trees on trifoliate 
falls considerably below the same grade from trees on sweet and pomelo stock. 
It is not much below the grade per cent of fruit on sour stock. 

“Quality differences are more evident in the case of the lemon. Here we 
may note that although the respective grades run close to each other for 
sweet, sour, and pomelo stocks, they fall off noticeably in each block when 


90 


Citrus Industry: Production of the Crop 

trifoliate root has been used. There is a lower percentage of fancy and choice, 
and a relatiyely higher amount of standard and cull fruit.” 

Rapid-growing stocks such as the Rough lemon tend to produce fruits that 
are thick-skinned, rough, and coarse; but it is only under occasional condi- 
tions that such characters are developed to a seriously detrimental degree. 

EFFECT OF EOOTSTOCK ON QUALITY OF FEUIT 

Sugar-acid content . — The idea is frequently expressed that oranges are 
so\tr because they are hudded on sour orange or lemon stocks ; but such effects, 
if they occur, are not common. 

Hume (1926, p. 205) cites fruits from adjoining trees of the same variety, 
one on Rough lemon stock and the other on sour orange, which showed a 
difference in acid content that was appreciable to the taste. Chemical analyses 
of the juice of specimens from the sour stock gave 0.72 per cent acid and 9.8 
per cent sugar, determined as dextrose, while those from the Rough lemon 
stock gave 0.91 per cent acid and 7.24 per cent sugar, determined as dextrose. 
The fruits on sour stock thus contained 0.19 per cent less acid and 2.56 per 
cent more sugar than those on Rough lemon stocks. 

Quinn (1932), of the South Australia Department of Agriculture, has pre- 
sented data on the difference in acid, sugar, and juice content of fruits of four 
varieties on several different stocks grown in the Berri Experimental Orchard. 
In general, analyses were made every two weeks during the harvesting period 
of each variety, the samples consisting of twelve oranges from each of the 
several trees of each variety on each stock. The average percentages of acid 
(as citric) , sugar (as total soluble solids), and juice (by weight) of all samples 
of each variety on sweet orange and Rough lemon stocks are given in table 5. 
It will be seen from these data that fruits of each variety on sweet orange 
stocks contained slightly more acid and more sugar than those on Rough 
lemon. These increases are not great, but as they are consistently in the same 
direction they seem to be significant. The same varieties on grapefruit and tri- 
foliate orange stoelis gave comparatively the same results as on sweet stock. 

It is apparently true that the large, coarse fruits produced under conditions 
of forced growth, especially on young trees, are commonly low in sugar con- 
tent, and that such fruits are more commonly produced on rapid-growing 
stocks such as Rough lemon than on more slowly growing ones. In Quinn’s 
experiments it was found that almost without exception the small fruits on 
each tree gave a slightly higher percentage of acid and sugar than the larger 
fruits on the same tree. The different varieties exhibited significant differences 
in average juice content, the Valencia averaging high, but the influence of 
the stock on juice content was slight and inconsistent and is probably not to 
be considered significant (see table 5). 

Similar rootstock influences have also been reported by a number of other 
investigators. Hodgson and Eggers (1938) tested fruits of Washington Navel 
and Valencia oranges. Eureka and Lisbon lemons. Marsh grapefruit, and 
Bearss lime, grown on sweet orange, sour orange, trifoliate orange, Rough 
lemon, and grapefruit stocks. Among them all, trifoliate orange, the most 
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dwarfing stock, gave the highest content of soluble solids, and the Rough 
lemon, the most invigorating stock, gave the lowest soluble-solids content. The 
Rough lemon produced the lowest citric acid content and the trifoliate 
showed a marked tendency to produce the highest acid content. Similar data 
apparently taken from studies of fruits from the same trees were reported 
later by Richards (1940) , who also included data on the influence of the same 
stocks on fruits of the Satsuma and Dancy mandarins and the Rough lemon. 
Richards’ results were practically the same as those reported earlier by 
Hodgson and Eggers (1938) , hut he found the marked difference between the 


TABLE 5 

Influence op Rootstock on Acid, Sugar, and Juice Content op Citeus Fruits* 
(Averages of all tests throughout season) 


Scion variety 

j 

Per cent acid j 

(as citric) | 

Per cent sugar 
(as total soluble solids) 

Per cent juice 
(by weight) 

Rough 

lemon 

stock 

Sweet 1 
orange j 
stock j 

Rough 

lemon 

stock 

Sweet 

orange 

stock 

Rough 

lemon 

stock 

Sweet 

orange 

stock 

Washington Navel 

0.92 

1.04 1 

10.85 

11.15 

40 66 

41.76 

Thomson Navel 

0.79 

0.94 1 

11.14 

12.24 

33.23 

34.80 

Mediterranean Sweet. 

0.71 

0.93 1 

11.61 

12.45 

38.32 

38.57 

Valencia 

0.88 

1.17 i 

10.92 

12.04 

48. SS 

47.17 


* Tablo adapted from Quinn (1932). 


influence of the trifoliate orange and the Rough lemon stocks to be even more 
pronounced on the two mandarin oranges. 

Fudge (1940) and Fudge and Fehmerling (1940) found that the Pine- 
apple orange, in Florida, produced higher concentrations of citric acid, total 
solids, and total sugars when grown on sour orange stocks than when grown 
on Rough lemon stocks. Harding (1940) and Harding, Winston, and Fisher 
(1940), also working in Florida, have reported similar results in investiga- 
tions made with Parson Brown and Valencia oranges on various rootstocks. 
They found that degree of acidity, amount of sugar, proportion of acidity to 
sugars, and aroma — all of which are factors affecting the quality or flavor 
of orange juice — are affected in large measure by the kind of rootstock on 
which the fruit is grown. Higher quality resulted when the fruit was grown 
on sour orange rootstocks than when it was grown on Rough lemon. Probably 
the most extensive and reliable data showing the influence of rootstocks on the 
sugar and acid content of citrus fruits are the analyses reported by Sinclair 
and Bartholomew (1944) on fruits from the rootstock experiments of the 
California Citrus Experiment Station (see discussion, chap, iii, pp. 185 and 
193, and flgs. 77 and 82) . 

Vitamin content . — The vitamin content of citrus fruits is of great impor- 
tance and is apparently influenced in some degree by the rootstock. Harding, 
Winston, and Fisher (1939, p. 368), as a result of their studies in Florida, 
stated; “Some rootstoek[s] seemed to have an influence on the afscorbie acid 
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[vitamin C] content of the fruit, especially up to the time of ripening . . . the 
fruit from the sour orange stocks [as compared with those on Rough lemon 
stocks] consistently contained the higher amounts of ascorbic acid. . . . The 
ascorbic acid content of oranges grown on grapefruit, sweet orange, and Cleo- 
patra stocks was about the same as of fruit grown on sour orange stock.” As an 
illustration, the Parson Brown orange on sour orange stock, according to their 
analyses at different periods in 1936-37 (Plarding, Winston, and Fisher, 
1940, tables 10 and 11), gave an average of 0.-567 mg. of ascorbic acid per 
milliliter of juice, and those of 1937-38, an average of 0.576 mg. per milliliter. 
On comparable Rough lemon stocks similar averages for the same two years 
were only 0.465 and 0.483 mg. per milliliter of juice. This is an increase of 22 
per cent in ascorbic acid for the soui* orange stock in the first year and of 
19.3 per cent in the second year. The authors also stated that no correlation 
was found between the ascorbic acid content of orange juice and its quality, 
as judged by taste (see also Harding, 1940) . 

Pudge and Pehmerling (1940) , also working in Florida, have reported that 
Pineapple oranges grown on sour orange stocks gave higher vitamin-C content 
than those grown on Rough lemon stocks. 

STIONIC INFLUENCE ON CHEMICAL COMPOSITION 
OP STOCK AND SCION 

In a study of the chemical changes induced as a result of stionic influence, 
Haas and Halma (1929) found that, at least in some cases, the scion greatly 
influences the percentage of soluble magnesium in the dry matter or ash of 
the stock. Analyses of bark from unbudded seedlings of different species of 
Citrus showed percentages of magnesium in the dry matter as follows : Rough 
lemon (3 trees), 0.036; sour orange (3 trees), 0.026; sweet orange (3 trees), 
0.070; and grapefruit (1 tree), 0.086. The Rough lemon and sour orange, it 
will be observed, are low in magnesium, while the sweet orange and grapefruit 
are high. When differejit citrus varieties were worked together, the magnesium 
content of the bark of the stock varied according to the scion variety with 
which the stock was united. When the scion was lemon or sour orange, both of 
which are normally low in magnesium, and the stock was sweet orange or 
grapefruit, both of which are normaUy high, the magnesium content of the 
stock variety was much depressed. On the other hand, if the sweet orange or 
grapefrnit was used as the scion, with lemon or sour orange as the stock, the 
magnesium content of the bark of the stock variety was considerably higher 
than normal. 

In one of the most interesting experiments described by Haas and Halma 
(1929), trees which were originally Marsh grapefruit on sweet stock were 
later top-worked to Eureka lemon. The average values for the grapefruit 
interstock as well as for the sweet stock were approximately the same as those 
for the lemon scion, being thus much lower than those normally found in 
grapefruit and sweet orange. These authors found approximately the same 
percentage of calcium in the ash of ail bark samples analyzed, regardless of 
the stionic relation. 
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A very striking illustration of stionic variation in the intake and content of 
boron is supplied by the studies of Eaton and Blair ( 1935 ) , who used recipro- 
cally grafted plants of lemon and Severinia l)-uxifolia, grown in controlled 
cultures receiving different amounts of boron. The lemon is known to be highly 
sensitive to boron. Severinia, however, was shown by Swingle, Robinson, and 
May ( 1928 ) to be very tolerant to it, and they suggested the possible feasibility 
of using Severinia as a resistant rootstock for the lemon and orange in regions 
where boron injury occurs. 

TABLE 6 


Bobon ABSoapwoif bv Stionic Combinations of Lemon and Severinia Plants Grown 
Twentt-two Months in Sand-Cui/itore Solutions, Determined as Concentrations 
OF Boron (Parts per Million, Dry Weight) in Leaves* 


Plant 

Boron in culture solution 

2 p.p.m. 

4 p.p.m. 

6 p.p.m. 

Eureka lemon on own roota 

580 

1.065 

Dead 

Eureka lemon on Severinia roots 

223 

283 

517 

Lisbon lemon on Severinia roots 

253 

307 

467 

iSevsrinta on Eureka lemon roots 

528 

877 


Severinia on own roots 



300 


* After Eaton and Blair (1935). 


Eaton and Blair (1935) found that the boron content is not uniform 
throughout the plant, but tends to accumulate in the leaves. Rooted lemon 
cuttings grown in a nutrient solution containing 5 parts per million (p.p.m.) 
of boron gave leaves containing 1,232 p.p.m. of boron, while the combined stems 
and roots contained only 54 p.p.m. Hence, in their experiments the leaves 
were mainly used as the indicators of boron content. Reciprocally grafted 
plants of lemon and Severinia were grown in nutrient solutions containing 
different concentrations (2, 4, and 6 p.p.m.) of boron. Table 6 gives the average 
concentrations of boron found in the leaves of these plants after twenty -two 
months of growth in the nutrient solutions. 

Plants of lemon on Severinia roots had only about one-third as much boron 
» in their leaves as those of lemon grown on their own roots, and the boron con- 
centration in leaves of Severinia was increased threefold in the plants grown 
on lemon roots. Plants of lemon on their own roots were much more severely 
injured than those grown on Severinia roots. Baton and Blair conclude (1935, 
p. 423) : “The boron concentrations accumulating in the leaves of the scion 
were directly influenced by the rootstocks upon which they were grown. The 
scion leaf concentrations were reduced if grafted to varieties normally ac- 
cumulating lesser concentrations and increased if grafted to varieties nor- 
mally accumulating higher concentrations. Concentrations of boron in scion 
leaves tended to approach those normal to the rootstock variety.” Here, the 
rootstock tended to exercise the controlling influence on the quantity of boron 
accumulated in the scion, Avhereas in the studies on magnesium content (Haas 
and Halma, 1929) it was apparently the .scion that exercised it. 
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EFFECT OF STOCK AND SCION ON EBSISTANCE TO COLD 

It is generally believed that a hardy, cold-resistant stock has the tendency 
to render a tender scion more hardy, and that a tender scion may, on the con- 
trary, render a normally hardy rootstock more tender. 

In a study of the efiEects of the 1913 freeze in California (Milliken et al., 
1919, p. 282), a few observations seemed to indicate a stock influence on the 
scion. In one grove, lemon trees on trifoliate orange were hardier and showed 


TABLE 7 

Frost Injury to Four-Teae-Old Orchard Trees op Owari Satsuma on Various 
Eootstocks, and op Washington Navel on Sour Orange Stock, Compared* 


Stionic combination 

Total 
numb^ 
of trees 

Percentage of trees injured as classifiedo 

Firsts 

Seconds 

Thirds 

Owari Satauma on: 

24 

58.3 

mm 

12.5 


32 

21.9 


40.6 


49 

12.3 


81.6 


39 

10.3 


61.5 


15 

6.6 

66.6 

26. S 


45 

6.7 

11. 1 

82.2 


4 

0.0 

0.0 

100.0 


19 

0.0 

0.0 

100.0 

WaBhiogton Kavel on : 

151 

1.9 

2.6 

05.5 



* After Webber (1035). 

« FiT9t9: scions alive, so that buds could be saved. Seconds: scions killed, but stocks alive. Thirds: scions and 
stocks killed to the ground. 


less injury than- similar trees on sour oran ge ; in another, navels on trifoliate 
orange roots app eared to b e disti nctly less in.iu red than navels on ^eet stock 
planted in the, sam e grove at the same time and giyen the same treatmenfr~ 

"Hume (1926) reports that in a nursery containing trees on Eougfi lemon, 
sour orange, and trifoliate orange stocks every tree on Rough lemon was killed 
to the ground by cold, and trees on sour orange were appreciably damaged, 
but those on trifoliate orange escaped injury. 

A good illustration of the effect of rootstocks on the degree of frost resist- 
ance of the scions is supplied by the California experiments on rootstocks in 
plots at Oroville, California ( "Webber, 1935) . In these plots four-year-old trees 
of Owari Satsuma on various rootstocks (stocks eight years from the seed) 
were practically destroyed by the freeze of December, 1932. Several months 
after the freeze, the trees were thoroughly examined and classified into three 
grades : (1) those showing the least injury and sprouting well above the bud, 
so that the buds could be saved ; (2) those showing medium injury, with stock 
and scion trunk partially living and sprouts forming, hut so girdled by dead 
areas that the buds could not be saved ; and (3) those most severely injured, 
both scion and stock being so harshly affected that they were killed to the 
ground (all trees were budded about six inches high). The results are sum- 
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marized in table 7. In this table all rootstock varieties of the same species are 
classed together and listed in the order of degree of tree injury. It is evident 
from an examination of this table that the rootstock did have a very marked 
influence on the degree of injury, ■which ranged from 58.3 per cent “firsts” 
(trees least injured) on trifoliate orange stock to 100 per cent “thirds” (trees 
dead) on Bough lemon stock. Note also tlie comparative injury to four-year- 
old Washington Navels on sour orange stock (bottom of table 7 ) . These navels 
■were in the same orchard and surrounded tiie planting of Satsumas on all 
sides. 

The effect of the trifoliate orange stock in producing hardiness is probably 
to be attributed, in general, to its tendency to remain dormant through the 
winter period. Williams (1911, p. 155) states : “The fact that this stock is not 
responsive to sudden changes in temperature, especially to those warm spells 
which generally start activity in other trees during January and Pebmary, 
adds greatly to its value. There is no question but that the stock has a very 
marked influence on the top growing upon it.” 

That other stocks than the trifoliate orange have some influence in rendering 
the top more cold-resistant is probably true, but the differences are so slight 
that they would be apparent only in light freezes, for in severe freezes all the 
trees, usually, are badly injured. 

Uphof (1938), in studying the effects of freezes in Florida, found that the 
rootstock had a great influence on frost resistance of citrus trees. Trees of 
the orange varieties Pai’sou Brown, Hamlin, Pineapple, and Valencia, and of 
the grapefruit varietiesJDuncan, Hall, Walters, and McCarty, on sour orange 
stocks, were found to be appreciably less injured than similar trees on Rough 
lemon stocks. Orange varieties on Cleopatra mandarin stock were found to 
exhibit a considerable degree of frost resistance. An objection to the general 
use of this stock, it was stated, is that, except with the Temple orange, trees on 
it tend to bear smaller fruits than on other rootstocks. Rootstocks of trifoliate 
orange were observed to increase greatly the frost resi.stance of varieties 
budded on it, but the use of this stock is limited principally to the Satsuma. 

In some nursery budlings there is apparently a definite influence of the 
scion upon the stocks. In the 1913 freeze in California (Milliken et al., 1919), 
one-year-old buds of Eureka lemon inserted about four inches above the 
ground on sour orange and grapefruit seedlings were killed, and the stock 
trunks were also killed back to three or four inches below the bud, while un- 
budded sour orange and grapefruit seedlings of the same age, mingled with 
them, showed only a slight injury to the foliage. 

EPyECT OF STOCK ON WIND INJUKY TO TEEES 

Reed and Bartholomew (1930) described an occurrence in which the in- 
fluence of a severe wind on fruit drop of navel oranges apparently varied with 
the stock. The average weight of oranges lost per tree was, for sweet orange 
stock, 4.85 ± 0.371b. ; for sour orange stock, 6.92 ± 0.46 lb. ; and for trifoliate 
orange stock, 20.45 ± 2.15 lbs. Here it was interpreted that the difference as 
between sweet and sour stocks was not significant, but that the loss from trees 
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on trifoliate stock was so mueh greater as to indicate that the rootstock had a 
definite infiuence on the fruit abscission. 

Boeuf and Gen6t (1906) noted a reduced resistance to wind injury of trees 
on the higarade or sour orange ( Citrus Aurantium) . On the other hand, in the 
West Indies and other islands of the Caribbean Sea region, where trees in 
large numbers are sometimes uprooted by hurricanes, the sour orange has 
proved most resistant to injury. Freeman (1931) states that in Dominica, 
where the lime has been propagated mainly as seedlings, which are easily up- 
rooted, considerable progress has been made in propagating on sour orange 
rootstock, which has been found more resistant to hurricane injury. 

Schultz (1939) has stated that midseason varieties of oranges on Kangpur 
lime stocks will hold their fruits better through periods of hot winds and ex- 
cessive temperatures than the same varieties on sour orange stocks. 

STIONIO INrLtrBNOB ON STJSGBPTIBILITT TO DISBASE 

That different species and varieties of citrus vary greatly in their suscepti- 
bility to various diseases is well knowm. It has generally been considered that 
the degree of resistance exhibited by either the stock or the scion is uot im- 
parted in any recognizable degree to the other member of the combination. 
The writer has observed in nurseries and orchards in Florida many trees 
with citrus scab (verrucosis) prevalent on sprouts or suckers of the sour 
orange stocks but no sign of the disease on the sweet orange foliage of the 
scion. Scaly bark is frequently observed to run down the sweet orange trunk 
to the union with the sour stock and stop there abruptly. In like manner shell 
bark may be very bad on the lemon scion trunk, yet stop abruptly at the union 
with the sour rootstock. Such observations, frequently made, have led to the 
conclusion that there is little stionic influence so far as disease resistance or 
susceptibility is concerned. 

Nevertheless, there are records to show that one member of the combination 
seemingly has been rendered more or less resistant through stionic influence. 
In Java, Toxopeus (1931) found that when stocks and scions both of which 
were susceptible to root-rot gummosis were budded together, 45 per cent of 
the stocks were attacked by the disease within two years. However, when 
immune scions were budded on susceptible stocks, not a single stock contracted 
the disease even after six years. 

That the composition of the root may be influenced by the scion has been 
discussed above (p. 86), and, according to Klotz (1927, p. 632), inoculation 
tests have indicated that seedling trees of sour orange may be slightly more 
resistant to Pythiacystis gummosis than sour orange used as a stock. This 
would indicate the lowering of the degree of resistance of the sour stock 
through the influence of the susceptible scion. If the degree of resistance is due 
to some structural character, as seems true for varieties resistant to citrus 
canker (McLean, 1921), it is not probable that any change would occur, since 
such characters apparently would not ordinarily exhibit stionic influence. 

Where the infection or the effect of a disease may he influenced by the vigor 
of the plant, the stock may be expected to have a marked influence, as the 
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vigor of the scion is often clearly influenced by that of the stock. It "was prob- 
ably this influence of stock on scion that caused the effects noted by Lee (1921) 
in his observations on the relation of rootstocks to mottle-leaf.' The observa- 
tions ■vrere made with respect to young orchard and nursery trees at Lamao, 
Philippine Islands, and include the influence of five widely different stocks on 
numerous scion varieties of different species. A careful examination gave 
results as shown in table 8. 

The trees that were badly mottled were usually small. Lee (1921) stated : 
“Trees of the Valencia orange or Oneco mandarin, for instance, made a very 


TABLE 8 

iNrMIEN'CE OP EOOTSTOCK ON SUSCEPTIBILITY OP CiTttUS TEEES 
TO Hottle-Leap* 


Rootstock 

Total number 
of trees 

Trees affected with mottle-leaf 

Number 

Per cent 

Fuinmelo 

1,145 

695 

60.69 

Cubuyao 

41 

14 

34.14 

Sour orange 

95 

23 

24.21 

Calamondin 

298 

34 

11.40 

Mandarin 

465 

22 

4.73 


• After Lee (1921). 


substantial growth on mandarin orange stock. The same varieties, of the same 
age, on pummelo stocks of the same age in adjoining rows, were much smaller 
at the time of the observation and lacked the vigorous appearance of the trees 
on the other stocks.” (See fig. 49.). 

The writer has several times observed the tendency of grapefruit stocks to 
induce mottling of scions of orange varieties in California nurseries, and 
Fawcett (1936, p. 356) mentions that Eough lemon stocks tend to produce 
mottling on lemon varieties. Such effects as these may be induced by lack of 
affinity between stock and scion, or the mottling maj’’ result from a variety of 
causes ; but at any rate, what happened was that the stock did influence the 
scion in its susceptibility to a nutritional disease. 

The obscure nature of stionic reactions to disease is well illustrated by in- 
vestigations in Palestine not many years ago by Reichert (1928, 1930), who 
described the occurrence of a new citrus disease mainly affecting sweet lime 
rootstock. As this is the most commonly used rootstock in Palestine, the dam- 
age caused was considerable. Later, Reichert and Perlberger (1934) gave the 
name “Xyloporosis” to the disease and published the results of extensive 
studies on its cause and control. The disease is charactei’ized by the failure of 
numerous small areas of the tissue of the stock, just below the bud, to develop 
normally. This results in the formation of numerous small pits or pores in the 
wood immediately below the bark (see fig. 50, A) and corresponding pro- 

' The term “mottle-leaf” is used here and in the following paragraph as a general symp- 
tom of ill health, without reference to the true cause of the trouble. 
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trusions or pegs on the inner surface of the bark. The ■wood of the trunk fails 
to lignify fully, and the weakened trunk is likely to bend over under the weight 
of the fruit. The carbohydrates are largely detained in the scion part of the 
tree, and the overgrowth of the scion at the bud union is usually very marked. 
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Fig. 49. Stunted growth of scion due to “mottle-leuf-siisceptiblc” stock: left, 
mandarin orange variety on resistant mandarin orange stock; right, two trees of 
the same mandarin orange variety on susceptible immmelo stock. All trees of same 
age and from adjacent rows. (After Lee, 1921.) 


The true cause of the disease has not been definitely determined. Reichert and 
Perlberger (1934, p. 195) stated: “Only Sweet Lime is susceptible to Xylo- 
porosis, mostly when budded with Shamouti, but the disease also appears on 
unbudded Sweet Lime espeeially underneath the limbs on trunks of trees 
whose central stem has been pruned away. The disease has also been found 
on Sweet Lime grafted with Sour Lemon, Grapefruit, and Mandarine.” 
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Moreira (1938a, 19386), in Brazil, has reported typical symptoms of xylo- 
porosis when the Lima da Persia* was budded with Laranja Barao (sweet 
orange). The symptoms of the disease did not become visible for about three 
years, but 56.9 per cent of the trees died within four years. Moreira interpreted 
the diseased condition as due to “disharmony” or lack of congeniality between 
the stock and the scion. He found that the Pera sweet orange worked on Lima 










I'*'' 


Pig. 50. Xyloporosis. Trunks of budded trees at region ot bud union, with bark removed 
to show the pore and peg lesions : A, lemon on Palestine sweet lime stoek, grown in Palestine ; 
B, Eureka lemon on sour orange stock grown in California. 

da Persia did not develop the disease and grew well, a fact apparently indicat- 
ing that not all sweet oranges react in the same way Avhen propagated on the 
Lima da Persia. Certain diseased trees of the Barao on Lima da Persia were 
top-worked to Lima da Persia, and others to Pera orange. These trees, after a 
year’s growth with the new tops, showed marked indications of recovery. 
Affected trees were also inarched above the bud union with sour orange seed- 
lings planted at the base of the tree, and are said to have recovered. 

In the writer’s studies in California, few if any typical cases of xyloporosis 
have been observed. No very extensive search has been made, but a rather 
large number of trees have been examined. These have included scions of 
Owari Satsuma on seedling rootstocks of Duncan grapefruit, Coleman cit- 
range, and African sour ; and Eureka and Lisbon lemon scions on stocks of 

^ Lima da Persia is the name used in Brazil for a certain sweet lime ; this is not the acid 
lime known in the United States as the Persian or Tahiti lime. 
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variant types of seedling sour orange, lemon, etc. — stionic combinations that 
commonly collapse and die -within a few years after budding, supposedly 
owing to lack of congeniality between stock and scion. None of these trees, 
however, have exhibited symptoms of xyloporosis. A number of trees examined 
have shown excessive overgrowth or swelling immediately above the bud 
union, a condition occurring regularly in the citron varieties Corsican and 
Diamante budded on sour orange stocks, but on none of these severely dwarfed 
eight- and ten-year-old trees have clear indications of xyloporosis been found. 
One that, so far as could be judged, did exhibit the typical “pore and peg” 
symptoms of xyloporosis, a seven-year-old tree of Eureka lemon on sour 
orange stock (see fig. 50, B), was found at Escondido, California. Slight indi- 
cations of the “pore and peg” lesions similar to those of xyloporosis have also 
been observed on the sour orange stock of a seventeen-year-old Marsh grape- 
fruit tree at Fontana, California. The stock of this tree was evidently a poor 
variant of sour orange, as the scion was markedly swollen at the union. Dr. H. 
S. Fawcett has informed the writer (in conversation), that he has observed 
symptoms similar to those of xyloporosis on stocks of sour orange and sweet 
orange budded to WiUow-Leaf mandarin growing in orchards of the Cali- 
fornia Citrus Experiment Station at Riverside. 

Until the fundamental cause of xyloporosis has been determined, definite 
recommendations for its control cannot be made. It seems clear, however, that 
where the disease is found to be associated with certain stock-scion combina- 
tions, these should be avoided in making propagations. 

In Italy and other places where mal secco {Beuterophoma tracheiphila 
Petri) is prevalent, the discovery of resistant varieties is an important con- 
sideration. Ruggieri (1937) has discussed the high resistance shown by the 
“Monachello” lemon, and propagations have been made with it and various 
stocks in testing the possibilities of reconstructing lemon trees attacked by the 
disease. 

The tristeza disease of sour orange rootstocks has been sho-wn to exhibit a 
complex and interesting series of stionic reactions, on which an interpretation 
of the probable cause of the malady has been based. (For a description of the 
disease see chap, xi.) The trouble was first observed in South Africa about 1910, 
when it was found that varieties of the sweet orange on sour orange rootstocks 
soon became sickly and died (Davis, 1924 ; Webber, 1925) . A malady showing 
the same general symptoms was next observed in Java in 1928 (Toxopeus, 
1936, 1937) ; and a few years later, about 1931, it appeared in Argentina, and 
about 1937 in Brazil (Bitancourt, 1940-1941). As the cause of the disease has 
not been definitely determined, its identity in the different countries men- 
tioned is not conclusively proved. The following are some of the peculiar 
stionic reactions observed in the susceptibility to tristeza. 

Varieties of the sweet orange, mandarin orange, and grapefruit on sour 
orange rootstock, if grown in localities where the disease occurs, soon wither 
and die, or certain trees may occasionally live for some years but remain 
dwarfed and worthless (Davis, 1924; Webber, 1925 ; Powell, 1930 ; Toxopeus, 
1936, 1937 ; Marloth, 1938; Bitancourt, 1940-1941; Moreira, 1942). 
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Varieties of lemon on sonr orange rootstocks grow normally and do not seem 
to be affected by the disease (Davis, 1924 ; Webber, 1925 ; Powell, 1930 ; Bitan- 
court, 1940-1941; Moreira, 1942). 

Diseased trees of sweet orange on som- orange stocks inarek-grafted above 
the bud union with seedlings of Bough lemon or Japanese eitron’^ recover, but 
the original sour orange rootstock dies (Powell, 1930; Toxopeus, 1937 ; Mar- 
loth, 1938). 

If both sweet orange and Japanese citron are budded into the same sour 
orange stock, the tree soon dies (Toxopeus, 1937). 

A diseased tree of sweet orange on sour orange stock, if the decline has not 
progressed too far, can be top-worked with lemon scions, and as soon as the 
lemon top develops and the foliage of the sweet orange is removed the tree 
recovers (Bitancourt, 1940-1941; Moreira, 1942; Camp, in correspondence,” 
and 1945, 1 ) . 

A sprout that gets started from the roots of a diseased tree of sweet orange 
on sour will grow into a normal tree, but the original tree will die (Marloth, 
1938 ; Camp, in correspondence cited above). 

Toxopeus (1937), in a series of experiments, employed sweet orange, sour 
orange, and Japanese citron in each of the twelve possible combinations as 
scion, stock, and interstock. Of these he found that only three combinations 
were affected and died — ^those in which the scion was sweet orange and the 
stock or the interstock was sour orange. 

Apparently, most citrus species when grown as seedlings exhibit no detect- 
able indications of the tristeza disease. This has been reported to be true of 
seedlings of the sweet orange, sour orange. Bough lemon, sweet lime, and Japa- 
nese citron. The list should also include the mandarin orange, many healthy 
old seedlings of which the writer examined in South Africa, and probably 
also the grapefruit. 

Following is a list of the various citrus combinations that have been reported 
as susceptible or resistant to tristeza. The numbers in parentheses following 
each combination indicate the authority cited for the statement.” 

* The identity of the variety designated “Japansche Citroen” in Java is not definitely 
knoTvn. Oehse (1931) gives a good colored illustration of it (pi. 48) under the title "CUnts 
nobilis Lour., hybr. Japansche Citroen, Dutch.” The Japansche Citroen, he stated further 
(1931, p. 121), “has got its name because, on a shallow view, it seems to be a cross between 
Citrus n-obilis. Lour., var. and Citrus Limonia, Osbeck, var. One has given the name Ja- 
pansclie Citroen (i.e., Japanese Citron) to the offspring of a so-called sour Japanese Man- 
darine, found in Batoe.” Oehse (1931, p. 121) thinks it is to be considered a form of 
Bonavia’s Jambhiri group (Bonavia, 1888-1890, p. 60). Definite identitj”^ with forms cul- 
tivated in the United States cannot now be established, but Bonavia (1888-1890, pp. 16, 
38, 60) mentions two varieties of fruit of the Jambhiri group, one with yellow exterior like 
the lemon and the other ndth red exterior like the or.ange. Such statements and the brief 
descriptions given by Bonavia seem to suggest identity with the mandarin-lime varieties 
Kusaie and Bangpur grown in the United States (see this work, Vol. I, pp. 626 and 628). 
Thus the “Japansche Citroen" is probably to be considered similar to the Bangpur 
mandarin-lime. 

“Dr. F. Camp, Vice-Director in Cliargc, Florida Citrus Experiment Station, J^ake 
Alfred, Florida. Letter of March 9, 1943, to Dr. L. D. Batchelor. Cited with permission. 

“ 1, Davis (1924) ; 2, Webber (1925) ; 3, Powell (1930) ; 4, Toxopeus (1937) ; 5, Marloth 
(1938) ; 6, Bitancourt (1940-1941) ; 7, Moreira (1942) ; 8, Camp (in correspondence; see 
preceding footnote) ; 9, Webber (1943a, 19436). 
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Susceptible Vasiety Combinations 


Sweet orange varieties on sour orange stocks 
(1,2, 3, 4, 5, 6, 7,8) 

Mandarin and tangerine varieties on sour 
orange stocks (1, 2, 3, 5, 7, 8) 

Grapefruit varieties on sour orange stocks 
(3, 5?, 6?, 7) 


Thornton tangelo on sour orange stocks (7) 
Sweet orange on Sampson tangelo stock (5?) 
Sweet orange on Lima da Fdrsia (sweet 
lime) stocks (7?) 

Limoeiro galego (Mexican lime) on sour 
orange stocks (7) 


Besistant VARiErr Combinations 


Sweet orange on sweet orange stocks (6) 
Sweet orange on grapefruit (pomelo) stocks 
( 6 ) 

Sweet orange on sweet lime (Lima da 
Persia) (6) 

Sweet orange on Bough lemon (1, 2, 3, 5, 
6. 7, 8, 9) 

Sweet orange on trifoliate orange (6, 8) 
Sweet orange on Bangpur lime (Limoeiro 
exavo) (7) 

Sweet orange on Limoeiro gigante (?) (7) 


Sweet orange on Japanese citron (4) 

Sweet orange on laranjeira caipira (7) 
Lemon varieties on sour orange stocks (1, 2, 
3, 5, 6, 7, S, 9) 

Kumquat on sour orange stocks (6) 
Grapefruit on sour orange stocks (5? — some 
success) 

Sour orange on sweet orange stocks (4) 
Tangerine on trifoliate orange stocks (6) 
Sampson tangelo on sour orange stocks (7) 


THE QUESTION OP THE CAUSE OP TBI8TEZA: 

IS IT A VIBU8 DISEASE? 

Many causes have been advanced for tristeza, including attack by a bacterial 
or parasitic fungus, incompatibility of stock and scion, soil depletion, lack of 
some important minor element or elements, and stress of severe weather 
changes. None of these, as pointed out by the writer (Webber, 1943a, 1943Z) ) , 
appears to conform to the peculiar manifestations of the disease and its ap- 
parent spread from country to country. No parasitic fungus or bacterium has 
yet been found that could be considered a causal agent, and the stionic reac- 
tions exhibited by the disease seem definitely to preclude such a cause. Soil 
depletion, lack of some element of nutrition, or stress of climatic influences 
seem also to be precluded as causal agents by the extremely wide range of 
conditions under which the disease occurs and its sequence of spread from 
country to country. Incompatibility of stock and scion may also be dis- 
regarded as a causal agent, as the same combinations in the same and many 
other locations have been successful for many years without showing the 
disease. 

The unique theory advanced by Toxopeus (1937), that some substance de- 
veloped in the sweet orange top is lethal to the sour orange root, does not 
explain the cause until the conditions are explained under which such a sub- 
stance is developed (Webber, 1943a, 1943Zi ) . If it is some constituent devel- 
oped in the sweet orange top that causes the death of the sour stocks, it must 
be something foreign to the normal metabolism of the sweet orange, that is, 
something acquired in the loeality where the trouble oceurs. The only material 
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that could be acquired by the plant — so far as we now know disease-producing 
agents — ^u’hieh could be expected to give the results indicated by the stionic 
reactions observed, would be some virus. A virus might be carried to the sweet 
orange by an unknown vector to which the sour orange is normally repellent — 
a virus not noticeable in the sweet orange, but lethal to the sour orange root 
when introduced into that species through the sweet orange scion. 

Bitaneourt and Fawcett (Bitaneourt, 1940-1941, p. 287) suggested that 
the disease might be caused by a virus, but gave an interpretation inadequate 
to explain all the known reactions. In an analysis of the character and spread 
of the disease and the ijeculiar reactions exliibited by different species used 
as scions, rootstocks, and interstocks, as outlined above, the writer (Webber, 
1943(2, p. 166 ; 19436, p. 353) concluded that the tristeza disease seemed most 
nearty to conform to the peculiarities exhibited by a virus disease. He wrote 
(Webber, 1943a, p. 166) : 

“It seems to the writer more plausible, tlierefore, to assume that the disease 
is due to a virus, aiid then the simple assumption that the foliage of the sour 
orange and the lemon produces regularly and normally some product of 
metabolism that inhibits the action and development of the virus would ex- 
plain all the difiSculties now experienced in attributing the disease to a virus. 

“If this is assumed as correct, then sour on sweet would be healthy, while 
sweet on sour would die, which is the ease ; also sprouts from the sour stock if 
they developed foliage would be expected to grow without injury, which ac- 
cording to both Marloth and Camp is true; also if trees of sweet on sour are 
top-worked to lemon before they decline too far, then as soon as the sweet 
foliage is removed and the lemon foliage develops the tree would be expected 
to recover, as it is knOTO to do ; also trees of sweet on sour inarched with re- 
sistant Bough lemon or ‘Japanese citron’ would be expected to recover, and 
they do; but the original sour stock still supplied by sweet-orange foliage 
should die, and it does. Wherever the sweet-orange, mandarin, or grapefruit 
foliage forms the top, the virus would be expected to continue its activity, and 
apparently this is the case.” 

The true nature of the tristeza disease has not been fully demonstrated, but 
what has been learned about susceptible and resistant scion and stock varieties 
will enable growers to choose resistant combinations and perhaps to recover 
diseased trees. (See Fawcett and Klotz, this volume, chap, xi; Bitaneourt, 
1943.)’ It should be stated, however, that experience with the disease is still 
very limited, and some of the observations, on degree of resistance maj'^, on 
further trial, prove to be erroneous. 

In view of the great economic importance of the resistance of both stock and 
scion varieties to disease, the stionic reactions of these characters are signifi- 
cant and are as yet imperfectly known. (Consult chap, xi, p. 584, below, and 
Fawcett, 1936.) 

’ The author of this chapter died before experimental evidence was obtained (Fawcett 
and Waliace, 1946; Meneghini, 1946; and Oberholzer, 1947) showing that both orange-tree 
quick decline in California and tristeza in South Africa and Brazil are apparently virus 
diseases.-— L. D. B. 
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GENEEAL CHARACTERS OF CITRUS ROOTSTOCKS 

BEHAVIOB IN THE NTTRSBET 

Many times, rootstocks have been chosen because they were easy to handle 
in the nursery, owing to such factors as availability of seeds, ease of germina- 
tion, rapidity of growth and quickness of attaining the size for budding, ease 
of budding, and shortness of time required for budlings to reach salable size. 
In early days in California the China lemon, a variety of citron, was much 
used because of its excellent nursery characters ; but it proved, in time, an 
unsatisfactory rootstock. Simons, ClaveU, and Serrano (1939, p. 86) have 
directed attention recently to the superior nursery performance of Puerto 
Rico grapefruit and Davao lemon, and the inferiority of Cleopatra mandarin. 
Of these three varieties the only one that is Imown to be a valuable stock is the 
Cleopatra. (Compare also Richards, 1938.) 

It is of some importance that a rootstock should possess good nursery char- 
acters, but it must be clearly recognized that certain poor nursery characters 
may be wholly overshadowed in importance by good orchard response, as 
exhibited by the longevity of the trees and the production of large fruit yields 
over many years. In the nursery each tree uses a space of only 3 to 6 sq. ft. for 
about two years, while in the orchard each tree uses a space of 400 to 500 sq. ft. 
for a productive period of forty to sixty years. The little extra trouble and 
expense required in the nursery to grow even the slowest and most difficult 
rootstocks is thus of very minor importance. 

THE SOHB CHANGES 
Cit]-us Aiirantium Liimaeus 

The sour orange grows readily from seeds, which are more resistant to 
injury from drying out than are seeds of many Citrus species. It is a vigorous 
grower in the nursery, developing mainly a strong single trunk w'hich facili- 
tates easy budding. It commonly produces from 75 to 80 per cent of nucellar 
embryos and thus requires the elimination of only about 25 per cent of the 
population to remove the variants (Webber, 1931, 1932&, 1932e). It may be 
grown from cuttings, but is more difficult to root than Rough lemon or sweet 
orange. It is more cold-resistant than any stock commonly used, other thflTi the 
trifoliate orange. When frozen down, it sprouts readily from the base of the 
trunk. 

The sour orange is very resistant to gummosis diseases such as foot rot, 
shell bark, scaly bark, and the like. Klotz and Fawcett (1930, p. 421), after 
conducting extensive inoculation experiments, concluded : “The long-observed 
and acclaimed resistance of sour orange has been substantiated. Here again 
the seedling foi’m of the variety shows a greater resistance than the budded, 
in fact so great a resistance that for all practical purposes it may be consid- 
ered to be immune.” It is possible that the resistance may be in some degree 
influenced by the scion variety used with it. Provan (1933) found in Australia 
that sour rootstocks budded to lemon or Washington Np.vel were much more 
susceptible to collar rot than those budded to Valencia orange. The sour orange 
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is susceptible to scab (verrucosis), which sometimes causes serious injury in 
humid climates. According to Fawcett (1936, p. 308), it is particularly sus- 
ceptible to mal secco, a much-dreaded disease which is causing serious injury 
in Italy and Sicily. In sections where this disease occurs, it may be necessary 
to use some other, more resistant stock. The sour orange is very susceptible 
to tristeza (see p. 100) when the scion vai'iety is sweet orange, mandarin 
orange, or grapefruit. It is also susceptible to orange-tree quick decline when 
the scion variety is sweet orange. 



Kg. 51. Comparative growth of Valencia orange in the light sandy soil of eentral Florida, 
on sour orange stocks (left) and on Bough lemon stocks (right). Trees thirteen years old. 
(Such marked difierences do not occur on sandy .soils in California.) 


The bud unions on good sour orange varieties are nearly normal with sweet 
orange, mandarin, and tangerine oranges, and grapefruit varieties, but rather 
commonly show a strong bud overgrowth with most varieties of lemons, limes, 
and citrons, indicating lack of congeniality. The Lisbon lemon on certain 
selected strains of sour, however, apparently gives a fully congenial reaction. 

The sour orange has commonly been considered to be best adapted to 
growth on low, moist, and fairly heavy soils. It is on such soils that the wild 
natural groves of sour orange in Florida became established, and on which it 
has since proved to be the most successful rootstock. On the very light sandy 
soils of the so-called ridge section of central peninsular Florida it has been a 
failure as a rootstock, and the ditference in tree size of varieties on sour orange 
stocks, in comparison, particularly, with those on Eough lemon, is frequently 
very marked (fig. 51) . 

In California, however, the sour, especially with lemon scions, has appar- 
ently been equally successful on light sandy soils (as in the Upland district) . 
In the California rootstock experiments, sour stock with lemon scions gave 
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better results on a fairly light sandy soil at Eiverside than on a much heavier 
loam soil at Fillmore (see chap, iii, p. 210). 

The explanation of these different reactions is probably to be sought in the 
different climatic and soil conditions of the two states as they react on the 


deep-rooted sour orange. In California, 



Fig. 52. Nine-year-old Washington Navel 
orange on sonr orange rootstock. Note tend- 
ency to form several taproots and few spread- 
ing lateral roots. (After Mills, 1902.) 


where alkali in subsoils and under- 
ground waters is frequently a seri- 
ous problem, a deep-rooted plant 
like the sour orange may be seriously 
injured. This condition is most likely 
to occur on low, heavy lands where 
drainage is poor, and less likely on 
light sandy soils which permit the 
free passage of irrigation water and 
thorough drainage (compare chap, 
iii, p. 172). In Florida, on the con- 
trary, the accumulation of alkali in 
injurious concentration is of rare 
occurrence, and the limited root sys- 
tem of the sour orange apparently 
finds more congenial conditions in 
the low, rather moist, and heavier 
soils than on the sterile sandy areas 
of higher lands. 

The sour orange normally devel- 
ops one or more taproots (fig. 52), 
which grow to a considerable depth, 
but lateral root development is more 
limited thair in Rough lemon, sweet 
orange, or grapefruit. The taproots 
of sour orange rootstocks which are 
cut back in transplanting commonly 
branch and form a group of small 
taproots. Halma (1934) found that 
in one mature Eureka lemon orchard 
the average number per tree of main 
roots, of sixty-four trees on sour 


stocks, was fifteen, of which 65 per 
cent were typical taproots, whereas the root systems of a similar number of 
trees on sweet stocks were practically devoid of taproots. 

Deep root penetration on deep soils renders the sour stock in some degree 
resistant to the effects of drought. Hume (1926, p. 201) states : “. . . it has been 
observed repeatedly in Florida that both nursery and grove trees on sour- 
orange stock suffer much less in periods of protracted drought under identical 
conditions than do those on rough-lemon roots.” Evans (1922) , however, states 
that in Dade County, Florida, grove trees on grapefruit and sour orange stock 
may be actually dying from drought when trees on Rough lemon right across 



Fig 54. Poor growth of Satsuina orange on African soar orange stocks: left. Ow.ari 
Satsuma on Sampson tangelo stock; right, Owari Satsinna on African sour orange stock. All 
trees ten years old. Note small size of trees on African sour stock, and broken stand caused 
by early death of two of the five trees in this plot. The trees on Sampson tangelo are about 
the same size as those on sweet orange stocks near by in the same field. 
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the road remain in excellent condition. This effect in Dade County is probably 
due to the closeness of the rock to the surface, which prevents deep root pene- 
tration. 

The sour orange, because of its tendency to develop taproots, has also been 
used extensively in the West Indies as a rootstock for the lime. Such trees are 
reported by some growers to withstand hurricane injury better than lime on 
its own roots. Fennah (1937), however, in a study of the root systems of 
budded limes on St. Lucia Island, found that sour orange seedlings in the 
nursery all had taproots ; but that of 24 orchard trees of lime budded on sour 
orange at three years old, only 3 had living taproots ; and that of 110 five- 
year-old plants, only 3 had living taproots, the root systems of which were 
almost wholly horizontal. Fennah was inclined to explain this condition as 
due probably to early damage caused by the citrus weevil {Diaprepes spp.), 
and to injury in transplantation. 

Trees of most citrus varieties on the sour orange are, in general, slightly 
smaller than those on sweet orange (fig. 53) or Rough lemon. They would be 
classed as low standard in .size and should probably be planted somewhat 
closer together than trees of the same variety on sweet orange or Rough lemon 
stocks. 

Fruits of the sweet orange, tangerine, and grapefruit produced on sour 
orange stocks tend to be smooth, thin-skinned, juicy, excellent in quality, and 
to hold up well without deterioration. 

Harding, Winston, and Fisher (1940), Harding (1940), Fudge and Fehm- 
erling (1940), and Camp (1941) have all given data showing that fruits of 
sweet orange varieties grown in Florida on sour orange rootstocks are nor- 
mally richer in degree of acidity, amount of sugars, ratio of sugars to acids, 
and comparative juice content than the same varieties grown on Rough lemon 
rootstocks. However, it must be remembered that in the light sandy soils of 
the warm ridge section of Florida the sour orange is entirely unsatisfactory 
as a rootstock, whereas the Rough lemon gives fairly good yields of accept- 
able fruit. As to the use of sour orange in Florida, Camp (1945, p. 27) states : 
“It is not adapted to very light sandy soils but will withstand a great deal of 
waterlogging of the soil and is generally recommended for heavy soils, includ- 
ing the best grades of fiatwoods, hammock, muck, and other soils which are 
subjected to occasional fiooding. It is a particularly desirable stock for 
tangerines. Temples, tangelos, and other similar specialty fruits because of 
the high quality of fruit produced.” 

Attention should be directed to the fact that in the United States the failure 
of the Satsuma orange on sour orange stocks has frequently been noted. In 
the rootstock tests of the California Citrus Experiment Station, at Riverside, 
the Owari Satsuma responded differently on different varieties of sour orange. 
On the sour orange cultivated under the name African the trees were con- 
siderably dwarfed, and at the end of ten years many had died (fig. 54). On 
the Brazilian sour, however, the trees grew normally and were still in good 
health at the end of ten years in the orchard, when the experiment was dis- 
continued. In this experiment a similar failure of the Owari Satsuma trees 
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was noted on stocks of the Duncan grapefruit and the Coleman citrange, 
where no contributory disease could be found (see also chap, iii, pp. 195-198) . 
Many siich stock failures remain as yet unexplained. 

According to Thos. W. Brown (1924), the sour orange, notwithstanding 
minor defects, is the safest stock to use for the propagation of most kinds of 
citrus cultivated in Egypt. El Saw'y (1936), writing twelve years later, stated 
that the som* orange was the most widely used stock in Egypt, hut that it was 
inferior to lime or Rough lemon on sandy soils. Weston (1932a, 1932&) rec- 
ommended the sour orange as best suited to conditions in the Island of Cyprus. 
Pope (1934) found the sour orange to be one of the best rootstocks for use in 
Hawaii; and Schultz (1939) concluded that the sour orange ordinarily is the 
best rootstock for citrus in the districts around Tucuman, Argentina, whether 
grown under irrigation or without it. In the Mildura irrigation district of 
Australia, Provan and Cole (1944) reported the size, yield, and health of 
Washington Navel and Valencia ox*ange trees on sour orange stocks to be in- 
ferior to those on sweet orange or Rough lemon. 

It is interesting to note that Konstantinov (1940) has stated that in Kisyl- 
Atrek, on the coast of the Caspian Sea, strains of the sour orange have been 
selected which are not affected by salinity. 

The evidence available indicates that the sour orange is probably the most 
successful stock to use for varieties of sweet orange, grapefruit, and tangerine, 
when the trees are to be grown in regions with humid climate, or on heavy 
soils. It is also probably the most satisfactory stock to use on heavy soils in 
all arid regions when budded to grapefruit, and m\i8t, in general, be consid- 
ered as adapted to widely varying conditions. It is not a good stock for the 
Satsuma and commonly is not satisfactory for lemon varieties, though up to 
the present it has been used extensively thus, in both Italy and California. 
As a stock for varieties of the sweet orange, mandarin orange, and grapefruit 
it has been a failure in South Africa and Java ; and recent studies in Argen- 
tina and Brazil indicate that it will also have to be abandoned as a stock for 
such varieties in South America. The tristeza disease, which apparently causes 
its failure in these countries (see p. 100), maj" spread to other countries.' 

It must not he forgotten that there are many varieties and forms of the sour 
orange, and that while some of them are failures as stocks, others are very 
satisfactory. In the California Citrus Experiment Station tests the sour 
orange variety Imown as the Brazilian has, in general, given the most satis- 
factory results, but the varieties Standard and Rubidoux have been nearly as 
satisfactory. The African and many variant types, however, are much less 
satisfactory. (See chap, iii.) 

THE SWEET OEANGES 
Citrus sinensis (Linn.) Osbeek 

The sweet orange grows readily from seeds, but the seeds are easily injured 
by drying out and must therefore be handled carefully. Seedlings grow more 

‘ The rapid spread of orange-tree quick decline in California, and the practical abandon- 
ment of the sour orange rootstock by the nurserymen of the state, occurred after the death 
of the author of this chapter. — ^L. D. B. 
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slowly, when young, than those of the sour orange, and produce lower- 
branched, bushy trunks which are more difiScult to handle in budding. They 
require more priming to shape them than seedlings of the sour orange or 
Rough lemon. Buds, after insertion, grow rapidly and produce large budlings. 
The sweet orange may be grown from cuttings more easily than the sour 
orange, hut not so easily as the Rough lemon. Good stock varieties produce 
ordinarily from 70 to 90 per cent of nucellar embryos, and the elimination of 
approximately 10 to 30 per cent of the small seedlings in any population is 
accordingly necessary to remove the variants. The sweet orange is only 
median in cold resistance, but is slightly hardier than the Rough lemon. When 
frozen to the ground, it sprouts readily from the base of the trunk. It com- 
monly gives normal bud unions with varieties of the sweet orange, mandarin, 
tangerine, grapefruit, lemon, and lime. 

Experimental inoculations by Klotz and Fawcett (1930) indicated that 
the sweet orange was less susceptible to gummosis than the lemon, and was 
of about the same susceptibility as, or only slightly less than, the grapefruit. 
It was, however, much more susceptible than the mandarin orange and, espe- 
cially, the sour orange. Considerable variation in susceptibility is shown by 
different varieties of sweet orange, and the most resistant types should be 
tested a*s rootstocks. While the sweet orange is susceptible to the various 
gummosis diseases, as well as to scaly bark, it is resistant to sour orange scab 
of verrucosis, tristeza, orange-tree quick decline, and mal secco. 

The sweet orange grows well on fairly heavy soils, but is best adapted to 
growth on rich sandy loams. It is one of the best stocks available for sandy 
soils and is grown to some extent in moderately humid countries on well- 
drained, light sandy soils. Its use should be followed by regular inspections 
and prompt treatment if gummosis diseases appear. It does not commonly 
develop a well-differentiated taproot and usually is moderately shallow- 
rooted. It does, however, develop an abundant system of lateral roots (fig. 55 ) . 
Mills (1902, p. 12) stated that “the sweet orange is a surface-growing stock 
which has few or no deeply-penetrating roots.” 

Stocks of the sweet orange produce large, vigorous trees of standard size in 
combination with all commercial citrus varieties. Fruits on sweet stocks ma- 
ture at the normal season for the variety ; they are thin-skinned, juicy, and 
of high quality, and hold up well in all characters to the extreme end of the 
shipping season. Wherever sweet orange stock can be used with safety, in view 
of its susceptibility to gummosis diseases, it may be considered one of the 
best standard stocks for fruit varieties of the sweet orange, mandarin, grape- 
fruit, lemon, and lime. 

In California the sweet orange is now more largely used in new plantings 
than any other rootstock; in no other place is it at present used to any 
appreciable extent. In rootstock discussions originating elsewhere the state- 
ment is usually made that it is considered unsatisfactory because of its sus- 
ceptibility to gummosis diseases. Of its use in Florida, Camp (1945, p. 27) 
states : “The quality of fruit borne on trees budded on this stock is excellent 
but the production does not compare favorably with that on rough lemon. 
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particularly in young trees, nor does its resistance to drouth on light sandy 
soils compare favorably. It is not used on heavy soils because of its susceptibil- 
ity to foot rot. It is used to some extent on intermediate soils as a stock for 
specialty fruits but is generallj’’ considered inferior in this regard to sour 
orange stock.” 



rig. 55. Boot systems of rootstock species: left, sweet orange, ten years after plant- 
ing; right, grapefruit, seven years after planting. Note the absence of taproots and 
abundance of lateral roots. (After Mills, 1902.) 


In the Irymple rootstock experiment in Australia, begun in 1934, sweet 
orange stocks have been found by Provan and Cole (1944) to produce during 
a ten-year period larger, healthier trees, and larger yields, than comparable 
trees on sour orange and Rough lemon stocks. The total average yield per tree 
for the five-year period from 1939 to 1943 inclusive was as follows : 

Average yield per tree, in pounds 



Sweet 

Sour 

Rough lemon 


stock 

stock 

stock 

Washington Navel 

696 

575 

682 

Valencia 


418 

426 
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The comparative size of the trees of Washington Navel on the three root- 
stocks in the eighth year after planting is shown by the average trunk circum- 
ference six inches above the bud union. These were : sweet, 40.83 cm. ; sour, 
33.21 cm. ; and Rough lemon, 35.72 cm. The sizes for the Valencia on the three 
diiferent stocks were stated to be about the same. Marloth (1938) , in discussing 
rootstocks for South Africa, wrote : “Considering the good showing made by 
the few orchards in the country on sweet orange stock, it is surprising that 



rig. 56. Comparative root systeiim: left, Koetlicii'sweet orange stock, and, ripht, Jtougli 
lemon stock, both with Satsuina orange scions. Trees ten years old. 


more u.se of this stock has not been made. On one large property where a very 
high loss of trees on rough lemon stock from ‘Dry Root Rot’ has been experi- 
enced, two 1,000-tree blocks of Valencia trees on sweet orange stock, 18 years 
old, have had relatively few losses.” 

All the evidence available indicates that the sweet orange is one of the best 
stocks, if not the best, to use with varieties of lemons, oranges, grapefruits, 
and mandarins in those regions where it may safely be grown. Iir the rootstock 
experiments of the California Citrus Experiment Station the sweet orange has 
proved one of the best stocks for the Satsuma orange. In this combination it 
develops a very vigorous root system, which is in general more extensive 
than that of the Rough lemon with Satsuma (fig. 56) — an interesting stionic 
reaction, since for most scion varieties the opposite would probably be true. 

The experience of growers in California and the results of limited tests at 
the California Citrus Experiment Station indicate that the sweet orange is 
one of the best rootstocks for varieties of the lime (see fig. 53; also Vol. I, 
p. 617, and Webber, 1932c) . 
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Because of its susceplibility to guinmosis (Fawcett, 1936, p. 177) the sweet 
orange probably cannot be much used as a stock in humid regions. In arid 
regions, however, and in semiarid regions such as California, Spain, Italy, 
Palestine, and parts of Africa and Australia, it may be used successfully 
imder proper hygienic culture. Wherever sweet orange stocks are used, the 
trees must be planted high, so that the butti*esses of the crown roots show at 
the soil surface, and regular inspections should be made to discover and treat 
promptly such infectious as may occur. Even in arid regions sweet stocks 
probably should not be used on heav 3 ’^ soils. 

THE MAKDABIN ORANGES 
dints reticulata Blanco 

Mandarin and tangerine orange varieties are little used as rootstocks, 
although in tlie Swatow section of China, famous for the fine quality of its 
oranges, thej’- are used almost exclusively (Lee, 1921). T. Tanaka (1929a) 
states that the Cleopatra is identical with the Poiiki, a variety of Chinese 
origin, used extensivelj’ as a rootstock in China. 

Most mandarin varieties exhibit a liigh percentage of nueellar embryonj% 
ranging usuaUv from 80 to 100 per cent (see Frost, this work, Vol. I, p. 794), 
and thus ordinarily require little roguing to obtain fairlj^ uniform lots of 
seedlings. Thej' are commoulj' frost-hard 3 % rather resistant to diseases such as 
giunmosis, and veiw resistant to verrucosis or scab. In general they produce 
standard or only slightly smaller than standard trees of varieties propagated 
on them. The principal objection to their use is llie slow development of seed- 
lings and young budlings. 

One mandarin varietj’, the Cleopatra, is employed to some extent in Florida, 
where it was apparently first introduced as a rootstock by the Reasoner 
Brothers, of the Roj'al Palm Xurseries at Oiieco. The use of this variety has 
extended graduallj’ in Florida, and it now holds about third place in popu- 
larity in that state. It is said to be hardy and drought-resistant, to give good- 
quality fruit, and to be adapted to light sandy soils (Skinner, 1924). Of its 
use in Florida, Camp (1945. p. 29) wrote : “It is a good grower, makes a good 
nursery tree, both as to union and gi'owth, and seems to be well adapted to 
the light soils, but has a tendency to make tops budded on it slow in coming 
into bearing.” 

The Cleopatra mandarin has tlie disadvantage in the nursery of growing 
slowly and requiring more time than sour or sweet orange to reach good bud- 
ding size. Seedlings of the same age in the nurserj’ of the California Citrus 
Experiment Station showed, at budding time, average trunk circumferences 
as follows: Cleopatra mandarin, 4.28 cm.; Brazilian sour orange, 5.44 cm.; 
Bessie SAveet orange, 5.82 era. Rough lemon seedlings one j’oar j^ounger aver- 
aged 6.38 cm. According to Vosbury and Robinson (1929), the Cleopatra 
has the advantage of high resistance to citrus scab and foot rot ; it is also 
fairly cold-resistant. Klotz and Fawcett (1930) report that Willow-Leaf and 
Cleopatra varieties of the mandarin sliowed some resi.stance to Pythiacystis 
gummosis. 
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Jelferies (1930, p. 109) states that trees budded on Cleopatra mandarin 
tend to make a denser top than those budded on either sweet orange or 
Rough lemon. 

In tests at the California Citrus Experiment Station, the Cleopatra was so 
slow in development that during the first five-year fruiting period it ranked 
very low in yield. In the course of the next five-year period, however, the 
comparative yields greatly improved, as did the comparative yields from 
other mandarin orange stocks (see chap, iii, p. 196), and it now seems evident 
that the Cleopatra may be considered as ranking among the promising stocks, 
to insure long life and satisfactory fruiting, especially for lemon varieties. It 
may not stand out as a superior stock for general use in California, but it 
seems to merit commercial trial. 

Some other mandarin varieties have been tested as rootstocks (see chap, 
iii), and in South Africa a tangerine similar to the Dancy has been success- 
fully employed as a stock for tangerines (Davis, 1924) . A mandarin variety 
known as Sunki (probably the Suen Kat of Swatow) , similar to the Cleopatra, 
is reported (Tanaka and Tanaka, 1932; Y. Tanaka, 1931) as being used in 
Taiwan (Formosa) and on the adjacent coast of China. It is said to be a 
semidwarfing, short-lived stock. T. Tanaka (1929a), in discussing the very 
superior quality of the Ponkan and Tonkan mandarins in China and For- 
mosa, indicates that this may be due in part to their propagation on Sunki 
and Ponki mandarin rootstocks. It is evident that such mandarin rootstocks 
should be more thoroughly tested in California and Florida, especially in 
combination with the best fruit varieties of the mandarin. Dr. W. T. Swingle 
has informed the writer in conversation that the Ponkan in Florida gave 
poor results on all ordinary stocks. 

THE GBAPEFEUITS 
Citrus paradisi Macfadyen 

The grapefruit grows readily from seeds, which are large and easily injured 
by drying out. In seedbeds the young plants are very likely to give trouble 
by gumming and by blooming prematurely, sometimes even setting fruits 
when only a few inches high. Grapefruit grows vigorously in the nursery and, 
like the sweet orange, is inclined to branch rather low. It is easy to bud and 
easy to handle in the nursery. 

Different varieties of the grapefruit apparently vary a good deal in the 
percentage of nucellar embryos formed, the recorded data varying from 
26 to 96 per cent. (See Vol. I, p. 794.) Most varieties that are likely to be used 
in the United States may be considered to range commonly between 70 and 
90 per cent nucellar-embryonic. Seedlings thus reproduce moderately true 
to type, and the elimination of the small off-type seedlings in the nursery, to 
remove the variants, requires the destruction of, approximately, no more than 
20 to 30 per cent of the population. 

The gi-apefruit is slightly less cold-resistant than the sweet orange and 
exhibits practically the same resistance to gummosis diseases (Klotz and 
Fawcett, 1930). It shows a strong tendency to develop mottle-leaf in the 
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nursery (Lee, 1921), and trees budded on this stock also show a strong dis- 
position toward “frenching” or mottling (Hume, 1926). This has frequently 
been noted also in California nurseries. 

The grapefruit develops an excellent root system (fig. 18, p. 35), which 
Mills (1902) found to spread more widely than that of the sweet or the sour 
orange. It is apparently best adapted to growth in heavy or loamy soils rich 
in humus and is poorly adapted to light sandy soils. Most citrus varieties 



Fig. 57. Effect of rootstock on scion. Eureka lemon on Sampson taiigclo {left) and on 
Duncan grapefruit {right). Trees six years old. California Citrus Experiment Station, 
Bivorside. 


on grapefruit stocks show an overgrow'th of the stock at the bud union (see 
figs. 38 and 42, above), which w'ith some scion varieties is very pronounced; 
the trees produced, however, are eommonlj'^ of about standard size. 

Grapefruit stock is usually considered to produce fruit of excellent size, 
grade, and quality, but to require especially liberal fertilization and careful 
culture to insure a successful crop. 

From time to time the use of grapefruit stock has been recommended both 
in California and in Florida, but it has noAvhere, as yet, come into general 
use. It has sometimes been recommended as an especially good rootstock for 
lemons, but in the comparative trials at the California Citrus Experiment 
Station it has not been outstanding for lemons or any other of the citrus fruits 
(see chap. iii). In these experiments, seedlings of the Duncan grapefruit, a 
variety noted for the large size and great age of the parent seedling of the 
variety (see Vol. I, pp. 27 and 573), were used as a trial stock. When it was 
thus used with varieties of sweet orange, lemon, grapefruit, or Satsuma, the 
trees on it never exceeded about medium in size or yield ; and all the trees 
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of Satsuma on Duncan died within a few years. The result was probably most 
satisfactory with varieties of the lemon (fig. 57) ; but, even then, Duncan 
grapefruit was inferior to other grapefruit stocks and much inferior to sweet 
orange stocks. The foregoing is emphasized as indicating that the size to which 
a seedling rootstock variety grows and the length of its life cannot be taken 
as criteria of its value as a rootstock for other varieties. 

Writing on the use of grapefruit stock in Florida, Camp (1945, p. 29) 
stated ; “In many eases on lighter soils it has proved unsatisfactory as a stock 
due to difiiculty in getting trees budded thereon to bear properly. On the 
heavier soils this may be overcome, at least partially, by increased fertilization 
but on light soils this has not been very effective. It is less cold resistant than 
sour or sweet orange.” 

Simons, Clavell, and Serrano (1939) found, in Puerto Kico, that Duncan 
grapefruit on a native grapefruit stock gave better yields in the early fruiting 
years than comparable trees on Rough lemon, sweet orange, or sour orange. 

Our present knowledge indicates that rarely, if at all, have grapefruit root- 
stocks given results as generally satisfactory as either sour orange or sweet 
orange. It would thus seem that grapefruit should be used with caution in 
any locality until its adaptability has been demonstrated. As a grapefruit root- 
stock, C.E.S. No. 343, has given fairly good results with Eureka lemon scions, 
it is not improbable that some satisfactory variety of grapefruit rootstock 
may ultimately be found. 

THE PTJMMELOS OE SHADDOCKS 
Citrus grandis (Linn.) Osbeck 

The pummelo or shaddock corresponds very closely, in its nursery char- 
acter, to the grapefruit, but differs from it in the important factor that, so 
far as is known, most pummelo varieties are monembryonic and thus sup- 
posedly develop few if any nucellar embryonic seedlings (Toxopeus, 1930; 
Torres, 1936). Some varieties usually classed as pummelos, however, exhibit 
a high ratio of nucellar embryony (see Frost, this work, Vol. I, pp. 794 and 
796). It is thus very uncertain what percentage of the seedlings would come 
sufficiently uniform in type to justify their use as rootstocks ; this probably 
would depend on the variety and its origin. However, Terra (1932, p. 32) has 
stated that with “insufficient” selection the seedlings of the Pandan Wangi 
pummelo are sufficiently uniform for use as stocks ; and the writer is informed^ 
that seedlings of a Javanese pink shaddock variety (C.E.S. No. 2246) grown 
at the California Citrus Experiment Station, Riverside, were especially uni- 
form and vigorous as seedbed and nursery trees. 

According to Pope (1934, p. 4), the shaddock has proved one of the best 
citrus stocks for use in Hawaii, “because of its great vigor, adaptability to 
grafting, and apparent disease-resistant qualities.” Thos. W. Brown (1924, 
p. 18), in discussing the use of the shaddock in Egypt, stated that it is 
supposed to be unrivaled as a stock on dry lands, but that it is so markedly 
subjeet to attacks of the scale insect Aspidiotus ciuraniii (probably either 

^ Information from Dr. L. D. Batchelor, Director, California Citrus Experiment Station. 
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Aonidiella aurantii or Chrysomphalus aonidum) as to make the raising of 
young stock difficult. He also mentions that the young seedlings are very 
variable, so that it is difficult to obtain uniform stocks. 

Davis (1924, p. 58) mentioned the use of a “Pompelmoes” (pummelo or 
shaddock) as a rootstock in South Africa, and stated : “In the Graaif-Reinet 
District there are fine trees to be seen worked on this variety of citrus. It 
appears to the writer that it is calculated to make a good stock for the grape- 
fruit.” Webber (1925) found that, although the shaddock had apparently 
proved unsatisfactory in South Africa for sweet orange and mandarin varie- 
ties, some growers thought it to be promising as a stock for the grapefruit. 

Three scion varieties of pummelo on Pandan Wangi pummelo rootstocks 
were found by Terra (1932), in Java, to be much slower in growth than on 
Rough lemon stocks, and somewhat slower than on sour orange or Japanese 
citron {Citi'us reticulata, hybrid?). The Pandan Wangi, a superior fruit 
variety, produced, wheai budded onto rootstocks of its own seedlings, the 
smallest, poorest growth of any of the four stocks tested. 

In studies made by Lee (1921) in the Philippine Islands with pummelo, 
sour orange, Calamondiu, mandarin, and eabuyao (Kabuyao) stoclts budded 
to lemon, lime, grapefruit, sweet orange, mandarin orange, and others, it was 
found that varieties on pummelo stocks exhibited a very high proportion of 
mottle-leaf disease and were much dwarfed in size, while those on mandarin 
and Calamondiu orange stoelfs showed little or no mottling mid were much 
larger, fine trees. 

No pummelo variety is anywhere used extensively as a rootstock and, so 
far as is recorded, no thorough tests with it have ever been made. 

THE LEMONS 
Citrus Limon (Linn.) Burujann 

The Rough lemon. — ^Por good performance in the nursery the Rough lemon 
is perhaps the most nearly ideal of any of the rootstocks commonly grown. 
It propagates easily from, cuttings, and it produces numerous small seeds, 
which, if not dried out too much, germinate readily. The seedlings produced 
are from 90 to 100 per cent of micellar embryonic origin and are thus very 
uniform and true to tj^pe, so that only about 5 per cent of the population of 
small seedlings require to be destroyed to eliminate the variants. In a given 
period of time, seedlings of Rough lemon grow more rapidly and make larger 
plants than those of any other citrus stock used in the United States. The 
seedlings are upright-growing, sparingly branched, and mainly with single 
trunks which require little pruning to place the buds. They take the buds 
readily and are easy to handle in the nursery. 

The Rough lemon is more susceptible to injury from cold than sour or 
sweet orange, or grapefruit, but it sprouts quickly from the base of the trunk 
when frozen back. It is susceptible to gummosis diseases in about the same 
degree as, or slightly less than, sweet orange and grapefruit. 

The Rough lemon develops a veiy wide-spreading, abundant system of 
lateral roots and commonlj’^ exhibits no marked taproot. Hume (1926, p. 203) 
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states that it develops a strong taproot, but W. Robertson Brown (1920), in 
illustrations from India, shows no taproot, and trees examined by the writer 
in California and Africa show only a weak development of the taproot in old 
trees (see fig. 56, p. 112). The Rough lemon will grow fairly well on all soils, 
but as a rootstock it is particularly adapted for use on light sandy or sandy 
loam soils, and on shallow soils underlain with rock near the surface. On such 
soils it is apparently more drought-resistant than the sour orange (Evans, 
1922). 

Davis (1924) has stated that in South Africa the Rough lemon is equally 
satisfactory on heavy loam soils, and the writer observed many good groves 
in that country on soils ranging from very light to very heavy, all on Rough 
lemon stocks. 

The trees developed on Rough lemon stocks grow vigorously and are to be 
classed as standard in size, like trees on the sweet orange. The bud unions of 
Rough lemon with varieties of the sweet orange, lemon, grapefruit, and 
tangerine are usuallj' nearly normal, and thus indicate good congeniality . ( See 
p. 69, above.) 

Fruit developed on Rough lemon stocks tends to be thick-skinned, rather 
large and coarse, and slightly inferior in quality, being somewhat lower in 
both sugar and acid than fruit on sour and sweet stocks. These differences, 
however, are not always very noticeable. Harding, Winston, and Fisher 
(1940), Harding (1940), Fudge and Pehmerling (1940), Camp (1941), and 
Sinclair and Bartholomew (1944) have all emphasized this inferiority of 
fruit grown on Rough lemon stocks, in comparison with fruit of the same 
varieties produced on sour and sweet orange stocks. Nevertheless, it must be 
recognized that on arid, light sandy soils, and under certain other conditions, 
the Rough lemon is the only stock that has given satisfactory crops — ^notably 
on the high, rolling hill section of central peninsular Florida. In summarizing 
the situation. Camp (1941, p. 78) stated: “It has been definitely shown that 
it is possible to produce excellent fruit on rough lemon rootstock even on 
light sandy soils by the proper use of magnesium, manganese, copper, and 
zinc in addition to the ordinary fertilizer constituents.” 

The experience gained in the use of Rough lemon stock in Florida has 
shown, in particular, that the reactions and success of a stock may, to an 
appreciable degree, depend on the fertilizer practices employed. According 
to Camp (1945), the Rough lemon, which is now the most widely used stock 
in Florida, was about to be discarded because of the poor quality of the fruit 
produced with it and the tendency of the trees to bear in alternate years and 
to suffer a heavy loss of leaves in the heavy crop years ; but (Camp, 1945, p. 
25) : “With the development of the use of the so-called minor elements, it 
was found that much of the trouble with rough lemon stock was due to mineral 
deficiencies, and when these were corrected, difSculties in maintaining the 
trees in good condition disappeared and the quality of fruit showed very great 
improvement. ... At present rough lemon stock is recommended for all light 
sandy soils and for all varieties of fruit grown on such soils with the exception 
of tangerines, tangelos, and other similar specialty fruits. ... It is not recom- 
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mended for any wet soils because it will not stand waterlogging of the soil 
for any appreciable length of time ; and because of its susceptibility to foot 
rot.” 

Fruits of sweet orange and tangerine varieties on Eough lemon, if held too 
late, tend to dry out and to exhibit much granulation. Bartholomew, Sinclair, 
and Turrell (1941, p. 26), in their study of the influence of rootstocks on 
granulation, noted that the amount of it exhibited by the same rootstock 
varied in different locations and in different seasons, and concluded that 
“climatic conditions and other factoi’s may be more important than root- 
stocks in governing the production of granulation.” It is, however, clear from 
their observations and from the experiences of growers that the proportion 
of granulation in such varieties as the Valencia on Rough lemon stocks tends 
to be high. With a late-ripening variety such as the Valencia, which frequently 
must be held until very late in the picking season, this characteristic of the 
stock may constitute a sei'ious weakness. 

Attention should also be directed to the observation of growers that grape- 
fruit varieties grown on Eough lemon stocks tend to show a larger percentage 
of seed germination in the fruits held until late in the season than do grape- 
fruits grown on sweet or sour orange stocks. 

The Rough lemon is the principal rootstock used in South Africa, owing to 
the failure of the sour orange as a rootstock in that country and to the 
prevalence of collar rot (gummosis) on sweet orange stocks in many sections. 
The almost absolute dominance of the Rough lemon as a rootstock in South 
Africa is apparently ascribable to its resistance to the tristeza disease, and 
it is likelj' to become an important .stock in other countries where that 
malady is present (see p. 101) . The Rough lemon has given good results with 
varieties of the SAveet orange and grapefruit in South Africa, but with 
varieties of tlie mandarin orange {vaartjes), according to Marloth (1938), 
it is genei'ally unsatisfactory, as the trees are short-lived. It has been used 
rather extensively in Australia, but in that country is yielding in popularity 
to the sour orange and, in some places at least, to the trifoliate orange. 

Provan (1933) has cited the Maltese blood orange on Rough lemon stock as 
an interesting example of incompatibility occurring in Australia. Most vari- 
eties of SAveet orange grow Avell on Rough lemon stocks, but this blood orange 
produces a small, stunted tree though the Rough lemon root system seems to 
be Augorous and healthy and constantly produces vigorous shoots just below 
the bud. Similar trees of this combination on two very different types of soil, 
representing almost the extreme differences in Victorian citriculture, were 
studied, and the combination reacted the same on both soil types.- In the 
Mildure irrigation district of Australia, Provan and Cole (1944) reported 
the size, yield, and health of Washington Navel and Valencia orange trees 
on Rough lemon stocks to be inferior to those on sweet orange but superior 
to those on sour. (See p. 111.) 

Schultz (1939) has stated that for use in the Tucuman section of Argentina 
the Eough lemon has no advantage as a rootstock over the sour orange, and 
its use cannot be recommended there. 
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Thos. W. Brown (1924, p. 17) reported rather favorably on the use of 
Rough lemon stocks in Egypt, but El Sawy (1936), twelve years later, stated 
that it had not been used to any great extent. “Its chief advantage,” he wrote, 
“is the rapidity with which it forms a tree, and it appears to have a particu- 
larly desirable influence on the vigour and yield of Navel orange.” In Hawaii 
it was discarded as unsatisfactory as a stock because of its susceptibility to 
gummosis (Pope, 1934). 

Terra (1932) found that, with three seion varieties of the pummelo tested 
in Java on four rootstocks, the Rough lemon stock produced the largest 
growth, the sour orange the next largest, followed by the elapanese citron 
{Citrus reticulata, hybrid?), and the Pandan "Wangi pummelo stocks in 
diminishing sequence. 

Prom the evidence available it seems apparent that the Rough lemon should 
be used as a commercial rootstock only in those types of soil and in those 
countries where the sour orange and sweet orange rootstocks have been shown 
to be poorly adapted or entirely unsatisfactory. 

The Cut) an lemon. — This variety, known also as Cuban shaddock (see Vol. 
I, p. 604), probably of hybrid origin, has been found by Thomas R. Towns, 
of Holguin, Cuba, to be a good rootstock for Washington Navel oranges in that 
location. It produces numerous seeds, and reproduces very true to type. It is 
a vigorous-growing stock in the nursery, but produces a rather dwarfed, pre- 
cocious, and productive orchard tree. It is being tested in California, but the 
trees are not yet old enough to permit reliable conclusions to be drawn. 

Other lemon varieties. — Several lemon varieties, such as the Messer and 
the Hardison, have been tested as rootstocks in the Riverside experiments ; 
but the seedlings were so variable, even after severe selections, that none of 
them could be classed as satisfactory stocks. All the standard lemon varieties 
grown for their fruits exhibit only low percentages of nucellar seedlings: 
Eureka, 34 per cent; Italian, 45 per cent; Lisbon, 20 per cent; Villafranca, 
54 per cent (see Frost, this work, Vol. I, p. 794). As the embryos are thus 
largely of gametic origin, they may be expected commonly to be very variable. 
They are also susceptible to gummosis disea.ses, shell bark, and cold injury. The 
sweet lemon, Millsweet (see Vol. I, p. 608), as grown in the rootstock tests of 
the California Citrus Experiment Station, has shown no indication of being a 
good root.stock for lemon or orange varieties (see chap, iii, below) . The lemon 
varieties that have given promising results as rootstocks, such as the Rough 
lemon and the Cuban lemon, are probably hybrids and give a high proportion 
of nucellar embryos. The so-called Palestine Sweet lemon, which is used 
extensively in the propagation of the Shamonti orange in Palestine, is now 
considered to be a sweet lime (see Vol. I, p. 628, and below, p. 122) . 

THE LIMBS 

Citrus auraniifolia (Cliristm.) Swingle 

The acid limes. — The acid limes have been little used as rootstocks, and their 
suitability and reactions with different citrus varieties are little known. 
Thos. W. Brown (1924, p. 75) has stated that “the [Egyptian] lime tree 
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[probably the same as the Mexican] is more resistant to drought than any 
other citrus trees” and that it may pi-ove to be a valuable stock on dry, sandy 
lands. The Imperial Bureau of Fruit Production (1932, p. 32) has reported, 
from a circular issued by the Horticultural Section of the Egyptian Ministry 
of Agriculture, that “the Egyptian lime was found to have a more favourable 
influence on the yield of certain sweet oranges (such as blood and Valencia) 
and mandarins (Clementine and Santara) than did three other stocks tried, 
namely sour orange, sweet lime and citron.” Trees budded on it were also 
reported to show more vigor than those on the sour orange. Brown (1924, p. 
17) states that the Egyptiair lime tree “is almost immune to the attacks of 
‘mal-di-gomma,’ ” and Klotz and Fawcett (1930) also report limes to be rather 
resistant, being similar in this respect to the Rough lemon. 

Of the use of this stock in Egypt, El Sawy (1936) has stated that it is well 
adapted to poor sandy soils, but not-to wet heavy soils, and that scions grow 
vigorously on it and bear large crops of excellent-quality fruit. 

In the United States the common acid lime, known under the varietal name 
“Mexican,” has never been used as a stock, chiefly because of the small size 
of the tree and its susceptibility to cold injury. 

The Rangpur lime . — The Eangpur lime, which is not a true lime but prob- 
ably a sour mandarin orange (see Vol. I, pp. 619, 626), has, in the rootstock 
tests of Schultz (1939) in Tucuman, Argentina, given promise of being a 
valuable rootstock for varieties of the sweet orange, mandarin orange, and 
grapefruit. According to Schultz, it tends to stimulate fruiting at an early age 
and gives good yields of good-quality fruit. It is suitable for nxidseason and 
early-ripening varieties of the sweet orange, but not for late-ripening vari- 
eties, as it tends to hasten the period of ripening. In Tucuman it was found to 
hold its fruits better than other rootstocks through periods of hot winds and 
excessive temperatures. 

According to Bitancourt,' of the Institute Biologico, Sao Paulo, Brazil, the 
Rangpur was commonly used as a rootstock in Brazil some fifteen years ago, 
primarily because of its rapidity of growth and the quickness with which 
standard-sized nursery trees could be produced. As it turned out, however, 
the orchard trees grew well for a few years and then gradually slowed down in 
growth and began to decline. Hence in Brazil the Rangpur is no longer eon- 
sidered a satisfactory stock. 

In recent investigations on the tristeza disease in Brazil and Argentina 
(Bitancourt, 1940-1941; and above, p. 100) it has been found that the Rang- 
pur lime is noticeably resistant to the injury, and this good character may be 
found to outweigh its objectionable ones. 

In Java the so-called “Japansche Citroen,” which seems to be similar to the 
Rangpur lime (see footnote 1, p. 101), was found by Toxopeus (1937) to be 
very resistant to a disease similar to, or perhaps the same as, tristeza. As 
to the use of the “Japansche Citroen” as a rootstock in Java, Oehse (1931, 
p. 121) wrote: “This stock produces seedlings, which for a great part orig- 
inated vegetatively [micellar seedlings] and hence do not differ from the 


‘ Personal statement to the writer in 1941. 
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mother -tree. It has proved eminently fit for stocks for diverse forms of Citrus 
Aurantium, Citrus maxima and Citrus nohilis [sour orange, pummelo, and 
mandarin orange] 

In the United States the Rangpur has nowhere been thoroughly tested as 
a rootstock. In Florida the writer has observed a few trees that were said to 
be on this stock, but they were small and not outstanding. Until it has been 
more thoroughly tested, it should be used only in small trial plantings. 

The sweet limes. — The sweet lime most commonly employed as a rootstock 
is the Palestine (see Vol. I, p. 628), which is the dominant stock used in propa- 
gating the Shamouti orange in Palestine (Yedidyah, 1931 ; Oppenheim and 
Rapoport, 1932). According to Yedidyah (1933), this lime is sensitive to foot 
rot and frost, and its life is generally short. In his experiments, trees on this 
stock came into bearing earlier and fruited more heavily than those on sour 
orange, the other stock most commonly used in Palestine. The Palestine lime 
when used as a stock for the Shamouti orange is also very susceptible to the 
disease xyloporosis (Reichert and Perlberger, 1934). It is a strong, vigorous 
grower, similar to the Rough lemon ; it produces a high proportion of nucellar 
embryos, and thus comes nearly true to seed ; and it handles easily in the 
nursery. As the Shamouti orange grown on this lime is famous for its quality, 
it must be considered a successful stock for that variety. 

Hodgson (1931), after a study of conditions in Palestine, concluded that 
the sweet lime was an unsatisfactory stock and that some slower-growing 
stock, perhaps even the sour orange, would prove longer-lived and, in the 
long run, more satisfactory. On the contrary, Lewin (1930), a Palestine 
grower, considers that the sweet lime has an advantage over sour orange in 
almost every character, its sole disadvantage being its liability to gummosis, 
which he thinks can be controlled. 'Weston (1932a, 1932&) described two 
adjoining and comparable plantings of the Jaffa (Shamouti?) orange on the 
shore of the Sea of Galilee, one on sweet lime stock seventeen years old, 
and the other on sour orange fifteen years old. The trees on sweet lime were 
showing “dieback,” and many were infected with gummosis ; they were not 
uniform and had only a fair crop of inferior fniit. The trees on sour or bitter 
orange, although two years younger than those on sweet lime, were mneh 
larger, markedly uniform, free from disease, and carrying a heavy crop of 
the highest-quality fruit. 

The Palestine sweet lime is said by all writers to be well adapted only to 
light soils, and this may be one reason for the conflicting opinions on its 
comparative value. 

According to El Sawy (1936), the sweet lime (Palestine?), in Egypt, is 
suited to light soils but not to heavy soils, and suffers more than any other 
stock from high water tables. The trees formed are usually dwarfed and short- 
lived, except those budded to the Satsuma orange and seedless lime. The fruits 
of trees on this stock are large and relatively thick-skinned. 

Nowhere in the United States has the sweet lime been used as a stock in 
commercial orchards, but it is under trial with varieties of orange, lemon, and 
grapefruit in the experiments of the California Citrus Experiment Station. 
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THE CITBONS 
(Citrus Medica Lluuaeus) 

The citron, apparently because of its vigorous early growth, readiness of 
sprouting from cuttings, and ease of budding, was used as a rootstock in the 
early development of the citrus industrj’- in many countries. More than fifty 
years ago, the writer talked with several Florida growers who still thought 
the citron a promising rootstock. A citron variety, possibly a hybrid, knoum 
as the China lemon (see Vol. I, p. 638), was used in California in the early 
stages of the indnstry (1880 to 1890) , bnt was soon discarded. A few scattered 
old trees of such plantings were still living in 1925 and were examined and 
photogi’aphed by the writer. Washington Navel on this stock exhibited a very 
large swelling or overgi’owth of the scion at the bud union, and the tops were 
dwarfed, though not severely. The scion trunks of snch old trees, 1 to 1^^ 
feet above the overgrowth, were smaller than the stock trunks. (See, in discus- 
sion of interrelations between stock and scion, p. 79 above, and fig. 38, p. 73.) 
In the United States, no commercial use has been made of any citron stock 
since about 1890, or earlier. 

The citron has been extensively used in India, where W. Robertson Brown 
(1920) demonstrated that with the Malta orange it produced severe dwarfing 
and should not be rised. With the mandarin (Santara), it gave a fairly satis- 
faetoi'y growth during a seven-year experiment, but the branches began to 
die in the sixth year (see fig. 43, p. 81). Singh and Singh (1942) emphasized 
the good nursery qualities of the citron, but stated that its reaction with sweet 
orange (Malta) and grapefruit indicated incompatibility, the scion invari- 
ably outgrowing the rootstocks. With the mandarin, however, the union was 
normal and the growth fairly vigorous. 

Thos. W. Brown (1924) stated that a local citron stock is the one most 
widely used in Egypt for the propagation of orange and mandarin trees. The 
citron stocks are gronm from cuttings planted in February j they are budded 
the following September and are fine young trees at the end of the second year. 
Trees on this stock grow quickly, 3deld more freely when young, and produce 
somewhat larger fruit than those grown on the bitter (sour) orange. They are, 
however, said to be short-lived, more subject to disease, and very much inferior 
to those grown on the bitter orange. El Sawy (1936) also considered the 
citron a poor stock in Egypt, as it produces dwarfed trees which are usually 
unhealthy and short-lived. The fruit on this stock, he stated, is coarse and of 
poor quality. 

THE TRIFOLTATE ORANGE 
Foncirus trifoliata (Linn.) Rsfinesqne 

The trifoliate orange produces numerous plump seeds which germinate 
easily, but the seedlings grow rather slowly. It produces upright-growing, 
sparsely branched seedlings, which are very thorny. It buds easily and is easy 
to handle in the nursery, but owing to the slow growth of seedlings and buds 
it is likely to require a year longer than other varieties in the nursery to pro- 



124 


Citrus Industry ; Production of the Crop 

duce standard-sized budlings. It reproduces fairly true to type (70 per cent 
or more nucellar-embryonie; see "Webber, 1900a) and requires the removal of 
but few of the seedlings to eliminate variants, the seedlings being commonly 
more uniform than the percentage of nucellar embryony would indicate. 

The trifoliate orange is the most cold-resistant of the stocks commonly used, 
but it sometimes sprouts poorly from the stock trunk when scion tops are 
frozen. Occasionally it renders the scion slightly more hardy, an effect sup- 
posed to be caused by the greater tendency to dormancy which the trifoliate 
induces (see above, p. 95). It is a deciduous tree "and has a more marked 
dormant period in winter than the evergreen species of citrus used as stocks. 
On the other hand, the writer has observed nurseiy trees on trifoliate that 
were more seriously injured than similar seedlings on sour orange, the stocks 
themselves being killed back into the soil (Webber, 1925). It is noteworthy 
that, in general, the trifoliate has given its most satisfactory results as a stock 
in the most northern and coldest citrus sections, and has not responded so 
satisfactorily in warmer sections more tropical in location (Hume, 1926, p. 
208). 

Of the trifoliate orange, Fawcett (1936, p. 20) has stated : “It is resistant 
to mal di gomma, brown-rot gummosis, and other gum diseases. It is very 
susceptible to Citrus canker and moderately susceptible to scab.” Although it 
is commonly considered to be more resistant to gummosis disease than any 
stock other than the sour orange, this conclusion is open to doubt. Klotz and 
Fawcett (1930, p. 422) , as a result of inoculation experiments, stated : “Speci- 
mens of trifoliate orange . . . proved more susceptible than lemon to the arti- 
ficial inoculations, and in the laboratory less inhibitive than lemon.” It seems 
probable, hoAvever, from field experience, that this stock is the most resistant 
to gummosis infections of any of the stocks now used commercially, other 
than sour orange. 

Of trifoliate stock in Japan, Tanaka and Tanaka (1932, p. 2) stated: “Al- 
though it is rather susceptible to Citrus canker, foot-rot, and gummosis, it is 
valued very highly for its extraordinary hardiness.” 

The trifoliate orange develops a well-branched root system with very 
abundant fibrous roots, but the roots do not spread so widely as those of the 
Eough lemon or the sweet orange. It is said to be adapted for use on fairly 
rich, low, moist soils and is generally regarded as unadapted for use on light, 
dry, sandy soils or on calcareous soils. It is said to give the best results on soils 
that are slightly acid and contain an abundance of organic matter. In the root- 
stock trials of the California Citrus Experiment Station, with Valencia 
orange scions, trifoliate orange has given better results at Riverside on a sandy 
loam soil than at Tustin on a fairly heavy loam soil, both of which are alkaline 
in reaction. The information now available does not permit a trustworthy 
conclusion concerning its soil adaptability. 

This stock usually has a marked dwarfing effect on the scions of lemon and 
grapefruit, but with some varieties of sweet orange and mandarin it produces 
trees only slightly smaller than those on sweet or sour orange. The bud unions 
usually exhibit a marked overgrowth of the stock (see figs. 38 and 42, above). 
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but this does not seem greatly to influeuee the develojimeiit and longevity of 
theti’ee (fig. 58). 

The fruit produced on trifoliate stocks tends to he rather small, hut it is 
usually of high grade and excellent quality. It tends to increase granulation 
with some varieties, such as the Valencia (Bartholomew, Sinclair, and Tur- 
rell, 1941). 
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Fig. 58. Comparative .size of Satsiinia orange scions, and nature of 1)ud union, on various 
stocks: A, Calaraondin orange (note overgrowth of scion) ; Ji, TCoethen sweet orange; C, 
trifoliate orange (note overgrowth of stock). Trees ten years old. 

In general, the trifoliate orange stock is adapted to a very narrow range of 
conditions and varieties, and has proved successful in only a few locations, 
with special varieties. It is used extensively as a stock for the Satsuma in 
Japan (Tanaka and Tanaka, 1932) and in the southeastern United States. 
It is commonly used for the kumquat, which on this stock is very hardy, the 
cold-resistance of the stock being coupled with the extreme winter dormancy 
of the scion. It is also commonly used for the kumquat, and for the Bouquet 
sour orange and some other varieties, when these are grown as pot plants or 
ornamentals. 

The trifoliate is an erratic stock, and its reaction cannot always be pre- 
dicted. Its dwarfing influence has been noted by almost all students of root- 
stocks, yet it sometimes produces standard-sized trees. In certain tests at the 
California Citrus Experiment Station, Valencias on this stock, at twenty- 
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two years of age, were as large as those on sweet or sour orange stocks ; but 
the writer has studied plantings of Valencias on trifoliate in at least two other 
places in California where the trees were markedly dwarfed. It seems probable 
that this difference is due to the use of genetically different strains of the 
trifoliate, or perhaps in some' degree to differences in sods. Two rather 
markedly different strains are well known to exist in cultivation in the United 
States, and doubtless there are others not now recognized. 

Several times, the -writer examined a series of experiments conducted by 
G. L. Taber, at Glen St. Mary, Florida, in which trifoliate orange, sour orange, 
and sweet orange rootstocks were tested over a period of several years, -with 
a number of scion varieties of sweet orange, mandarin orange, and grapefruit.’ 
The trees on trifoliate stocks were generally somewhat dwarfed, but those of 
the Du Koi, Jaffa, Pineapple, and Homosassa oranges, the King tangerine, 
and the Duncan grapefruit, on trifoliate stock, were about the same size as 
comparable trees on sour orange stocks. It was found that all the varieties 
came into bearing at an early age when budded on trifoliate orange, and that 
they were consistently hea^vy bearers. A general tendency of the fruit on tri- 
foliate stocks to ripen earlier than that on sweet or sour stocks was also ob- 
served. The fruit on trifoliate was of notably good quality and was less coarse 
than that on sour orange stocks. 

Bonus and Mertz (1916, p. 301), in summarizing the results of an early ex- 
periment at the California Citrus Experiment Station, stated : “It must be 
pointed out in conclusion that this Station, despite the favorable results so 
far obtained with the trifoliate orange as a stock for oi’anges, cannot recom- 
mend it at present, in view of the fact that well-defined cases are known where 
its use has been injurious.” 

On the use of the trifoliate orange, Tanaka and Tanaka (1932, p. 2) stated : 
“Prom a horticultural standpoint, the trifoliate orange is the most ideal root- 
stock of loose skin oranges in the temperature region where no killing by 
frost takes place.” Davis (1924), in South Africa, found that the effect of 
the use of this stock was to dwarf every kind of lemon and grapefruit and 
practically all sweet oranges, with the exception of late varieties like Du Eoi 
and Valencia. These, and most kinds of naartjes (tangerines) , were very little 
dwarfed. Thos. W. Bro-wn (1924, p. 18) stated: “. . . trials in Egypt have 
demonstrated the fact that it is entirely unsuited to the conditions of this 
country.” In the citrus section around Tucuman, Argentina, according to 
Schultz (1939), the trifoliate orange is not so good as the sour orange and 
should not be used for grapefruit or lemon varieties ; nor should it be used 
for late-ripening orange varieties, as it accelerates the ripening of the fruit. 
In an experimental planting of Marsh gi’apefruit (trees about seven years 
old) in New South Wales, Australia, Benton (1937) found that those propa- 
gated on trifoliate orange stocks produced trees of a size intermediate be- 
tween those on Rough lemon stocks, the largest, and those on sour orange, 
the smallest. The fruit produced by the trees on trifoliate stock was judged 
to be the best in flavor, and that on Rough lemon the poorest. 


* Mr. Taber’s discua.sion of these experiments was quoted by Hume (1913, pp. 207-216). 
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It seems evident from a recent statement of Benton’s^ that the trifoliate 
is grooving in favor as a rootstock in Australia. He wrote ; “Practically all our 
trees are on Rough lemon — a few are on sweet orange. We intend replace- 
ment with Valencias on Trifoliata where possible as that stock grows much 
more satisfactorily than sour and in trials has proved quite immune to Phy- 
tophthora attack.” 

Not long ago, the Irrigation Research Extension Committee (1943, p. 13) of 
the Murrumbidgee irrigation areas in Australia stated : “Recent work indi- 
cates that much old citrus land is liable to he heavily infested with the 
fungus phytophthora and that Trifoliata stock is the only one resistant to 
this. At present this stock can be recommended only for Valencias, mandarins 
and grapefruit.” The experience with this stock in California is much dif- 
ferent, and it could not be recommended without reservations, especially for 
Marsh grapefruit. (See chap, iii, jjp. 208-209.) 

In the writer’s opinion, the trifoliate orange, as judged by experience and 
the results of experiments, cannot be considered a satisfaetoi'y general- 
purpose stock for varieties of the sweet orange, mandarin orange, lemon, or 
grapefruit. It does have value as a special stock for Satsuma varieties, kum- 
quats, Valencia orange in some sections, and possibl 3 ' certain other sorts. 

THE CITEANGBS (TEIFOLIATE ORANGE x SWEET ORANGE) 

Some of the citranges have proved hardy, vigorous growers, developing into 
large, standard-sized trees as seedlings, and certain varieties seem likely to 
prove valuable for use as stocks. Some varieties mature but few seeds, while 
others, such as the Savage and Troyer, in California, commonly produce seeds 
in sufficient numbers for general nursery purposes. Mortensen and Riecker 
(1942) made careful records of the number of seeds produced by difEerent 
citrange varieties at Winter Haven, Texas, in 1939, 1940, and 1941. Counts 
for ten fruits of each variety each year for the three-year period gave the 
following average number of seeds per fruit: Carrizo, 20.2; Cunningham, 
2.1 ; Morton, 1.6 ; Rusk, 3.4 ; Rustic, 3.5 ; Savage, 9.0. 

Seed development in most citrange varieties is almost wholly by nucellar 
embryony; hence they reproduce verj'- true to type. The difference in size 
among young seedlings is due mainly to differences in the size of the nucellar 
embryos. The seeds germinate readily and develop strong single trunks, little 
branched, so that they are easy to handle in the nursery. Thej'^ are more cold- 
resistant than any stock used, other than the trifoliate, and appear in general 
to he stocks more congenial than the trifoliate for the various species of Citrus. 
Their degree of disease resistance is not well known. In the experimental 
inoculations with Pythiacystis gummosis of Klotz and Fawcett (1930, p. 420) 
and Fawcett (1936, p. 177) the Sanford and Cunningham were found to be 
very resistant to the disease, whereas the Coleman was extremely susceptible. 
The Savage, Rusk, and Morton were intermediate in susceptibility between 
the two extremes. 

iR. J. Benton, Citrus Specialist, Department of Agriculture, Sydney, Australia; letter 
of November 30, 1942, to M. B. Rounds, Riverside, California. 
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It is of interest to note that, of the eitranges tested as rootstocks in experi- 
ments at the California Citrus Experiment Station, the growth reactions as 
indicated by size and vigor of trees with scions of sweet orange, mandarin 
orange, and grapefruit seem to be correlated with the nearness of the similar- 
ity of the citrange hybrid to one or the other of its parents. Those varieties, 
such as the Cunningham and Eusk, that are most nearly like the trifoliate 
parent in having small, regularly trifoliolate leaves, and that are nearly de- 
ciduous in habit, even though they are quite different from pure trifoliate 
orange, react similarly to it when used as rootstocks. On the other hand, such 
eitranges as the Savage, and particularly the Morton, which more nearly re- 
semble the sweet orange parent in having much larger leaves less regularly 
trifoliolate, and which are more nearly evergreen in habit, when used as root- 
stocks, react on scions more nearly like the sweet orange parent. This seems 
to indicate that it is possible, here, to choose the most promising rootstock types 
among eitranges on the basis of their resemblance to the parental species. 

The following are notes on different varieties. 

Bush . — ^The Rusk (sweet orange J x trifoliate orange has been tested on 
a fairly extensive scale in Alabama and Florida as a stock for the Satsuma 
and has been recommended for general use with that variety. In the Cali- 
fornia Citrus Experiment Station trials with Satsuma, Rusk citrange pro- 
duced healthy, fine ti’ees, slightly dwarfed, and not outstanding in yields. 
There was no appreciable difference between budded seedlings and cuttings, 
both of which were tested during a period of eight fruiting years. The trees on 
Rusk were much smaller than those on Morton citrange (fig. 59) and were 
much lower in yield. 

Morton . — Of all the eitranges that have been tested, the Morton (trifoliate 
orange ? x sweet orange c?) seems to have given the most promising results as 
a rootstock. Apparently, it is especially good with the Washington Navel 
and the Satsuma (fig. 59). Sweet orange and mandarin orange varieties 
grow well on the Morton citrange, producing tops that are but slightly smaller 
than those on sweet orange stocks. The trees in the experimental trials, during 
periods of ten to seventeen yeai-s, have remained vigorous and healthy and are 
uniformly heavy yielders every year. 

In the tests at the California Citrus Experiment Station, Washington Navel 
orange on Morton citrange stock gave an average annual yield of 220 pounds 
for each of 5 experimental trees, during the first ten fruiting years. This was 
an average yearly increase of 68 per cent over the yield of Washington Navel 
on sweet orange stock (av., 131 lbs. per tree), which gave the next highest 
yield (see table 12, p. 188). With the Owari Satsuma, 5 trees on Morton 
stock, during the first eight fruiting years, gave an average annual yield of 
91 pounds per tree, in comparison with a similar average for sweet stock of 
76 pounds per tree, or an increase of 20 per cent for the Morton. In the experi- 
ments of another year, 16 trees of Owari Satsuma on Morton stock, during 
the first seven years of fruiting, gave an average annual yield of 79 pounds 
Ijer tree, in comparison with an average of 57 pounds per tree for .sweet stock, 
an increase of approximately 38 per cent in favor of the Morton. It is true 
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Mg. 60. Satsuma orange scions on citrange rootstocks : left, five trees on Savage citrange ; 
center, five trees on Coleman citrange (all dead) ; right, five trees on Cunningliam citrange. 
All trees ten years old and considerably dwarfed. (Compare with figure 59.) 
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that these are results from a limited number of trees over comparatively 
short periods, but they represent comparisons with sweet orange stock, which, 
next to the Morton citrange, proved to be the most consistent high-yielding 
stock for these varieties, of the more than twenty-five different rootstock 
varieties tested. (See chap, iii, p. 197.) 

Unfortunately the Morton develops few' seeds, and this is a great handicap 
to its general use as a stock. Dr. W. T. Swingle has stated (in conversation) 
that, in a few carefully guarded pollination tests made in Florida, Morton 
fruits pollinated with grapefruit pollen had been found to set seeds freely. 
In California this method has been tested in a limited way by Batchelor and 
Rounds, but thus far the experiments have been unsuccessful (see p. 191). 
In a limited trial made by the writer, scions of the Morton were found to 
root readily in peat moss, when kept in a moist chamber. It would seem en- 
tirely feasible to use cuttings to propagate budding stock if seeds cannot be 
produced in quantity. 

Savage . — The Savage citrange (trifoliate orange $ x sweet orange also 
merits careful trial as a rootstock. It makes a large, vigorous-growing tree and 
is healthful and fruitful. It develops more plump, good seeds than most 
citranges, usually giving 3 to 4 per fruit, and in some seasons 15 to 20 per 
fruit. It is nearly 100 per cent nueeUar-embryonic, and for this reason the 
seedlings produced are markedly uniform in type. 

Next to the Morton, the Savage seems to be the most promising of the cit- 
ranges thus far tested as rootstocks, though its reaction is favorable with but 
few varieties. In the Riverside experiments it has given good results with 
Satsuma (fig. 60), the trees of which grow larger on Savage citrange than 
on trifoliate orange or Rusk citrange. Marsh grapefruit on Savage citrange 
stocks are somewhat dwarfed but ai’e intermediate in size between those on 
trifoliate and those on sweet orange. They remain healthy, vigorous, and 
productive, at least through the first few fruiting years ; no observations over 
a longer period are available. Experiments w'ith this stock in its reaction with 
Marsh grapefruit indicate to the writer that if the trees are planted closer 
together than those on ordinary stocks (say, 15 feet by 20 feet), gaining 
thereby approximately 60 per cent more trees per acre, the stock may prove 
valuable. The fruits produced are in general of excellent size, grade, and 
quality, and the trees remain small and easy to pick. (See also chap, iii, p. 204.) 

Other citranges . — In the California experiments the citrange varieties Cole- 
man and Cunningham have also been tested as rootstocks, but they have not 
give 2 i notew’orthy results. Coleman is apparently incompatible wdth Satsuma. 
as more than 75 per cent of the trees withered and died within the first ten 
years after planting, and none of them were fully satisfactory (fig. 60). In 
all cultivations the Coleman has been short-lived w'hen grown as seedlings, 
when budded on other rootstocks, or when used as the stock. These observa- 
tions and its high susceptibility to gummosis, as shown by the inoculation 
experiments of Klotz and Fawcett (1930, p. 420), apparently indicate a 
fundamental weakness in this hybrid variety. Furthermore, it produces but 
very few seeds. The variety may therefore be discarded as a stock possibility. 
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The Cimningham produces a large, %'igorous, healthy tree, more nearly 
resembling the trifoliate orange than the Savage, and apparently is not as 
promising for stock purposes as the latter. It is hardy and gummosis-resistant, 
however, and produces seeds in numbers sufiScient to make its nursery use 
practicable. Although experiments with the Cunningham in California have 
not been favorable (.see chap, iii, pp. 182, 185, 191, 197, 204) , it may give more 
promising results elsewhere under different conditions (fig. 60). 

Another citrange, the Troyer, because of its vigor and general good nursery 
characters, seems to merit careful trial as a rootstock. It has not yet been 
tested as a stock in California, but has been used experimentally for Satsumas 
in Alabama, where preliminarj' results have been favorable. The Troyer is a 
vigorous, large tree ; it is also very fruitful and develops many large plump 
seeds. It should be thoroughly tested as a stock, especially for Satsuma, man- 
darin, sweet orange, and grapefruit varieties. 

The Carrizo citrange (C.P.B. No. 45019 B), named in Florida b.v T. Ralph 
Robinson and H. P. Traflb, has been found by Mortensen and Riecker (1942) 
to produce an abundance of seeds for nursery purposes, and limited tests 
indicated that it gave excellent results with Satsuma varieties. Its good 
nui'sery characteristics mdicate that it should be tested more widely. 

Interesting studies on the use of eitranges and cei’tain other hybrid citrus 
varieties as rootstocks, made at the Winter Haven substation of the Texas 
Agricultural Experiment Station, have been examijied by the writer. Morten- 
sen’s* statement summarizing the results follows : 

“Although exact valuations are not possible due to insufficient replications, 
the trend shows trifoliate, Morton, Rusk, Carrizo and TS 151*37 eitranges to 
be generally good stocks for satsumas. As might be expected, each combina- 
tion of scion and stock is a different problem. For example, Kawano Wase has 
produced much better on eitranges than on trifoliate, particularly on TS 
15137, Ru.stic, Carrizo and on citrangequat. Owari also did better on the 
eitranges than on trifoliate particularly Morton and Carrizo. Silverhill sat- 
suma, on the other hand, did much better on Cunningham than other eitranges 
but produced about as well on trifoUate as on Cunningham. In other words, 
the eitranges seem to have improved tree growth and yields over the trifoliate 
for at least some varieties. 

“With oranges, the eitranges also appear to be better than trifoliate in 
most cases. We do not have Carrizo citrange in the earlier tests. Hamlin has 
yielded significantly higher on 15137 citrange than on Cunningham or tri- 
foliate. Joppa yields are considerably higher on Rusk than on citrangequat 
or trifoliate. Texas Navel is about the same on Rusk, Morton, Cunningham 
and 15137 eitranges and trifoliate. Grapefruit has not been tested extensively. 
Marsh Pink has done about equally weU on sour orange and Sacaton citrumelo. 
Redblush grapefruit is dwarfed on Cunningham citrange but is performing 
well on Carrizo and Rusk. Marsh grapefruit is doing exceptionally well on 
Carrizo. Little River has produced considerably better on Cunningham than 

'Superintendent E. Mortensen, Winter Haven, Texas; letter of July 6, 1945, to H. J. 
Webber. 
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on Carrizo. Meyer lemon is prodneing well on Carrizo citrange but we have 
no cheeks. Webbei' tangelo is doing very weU on Carrizo citrange but there 
are no checks.” 

THE TANGELOS (GRAPEPBtJIT x MANDABIN ORANGE) 

Sampson tangelo. — ^In the organization of the rootstock experiments at the 
California Citrus Experiment Station, in 1922, the writer chose the Sampson 
tangelo as one of the varieties to test. This choice was based on the outstand- 
ingly vigorous growth made by about twenty seedlings at the Station and. 
their exceptional uniformity. Later it was found by inocnlation tests that 
this tangelo is rather highly resistant to attacks of gummosis (BQotz and 
Fawcett, 1930; Fawcett, 1936) ; but field observations indicate that its re- 
sistance may be modified under some conditions (see ehap. iii, p. 209) . 

The Sampson tangelo prodnces a considerable number of medium-small 
seeds and makes a satisfactory nursery tree, although its growth is usually 
slow at first. It reproduces nearly true through the seed, as it is approxi- 
mately 100 per cent nueellar-embryonic. Experience with it is as yet limited, 
hut trees of sweet orange, Satsuma, grapefruit, and lemon varieties budded 
on this stock, so far as tested, grow vigorously into standard-sized trees but 
ai’e sometimes low in yield (see ehap. iii) . It seems to be especially suited for 
use as a rootstock for lemon varieties, with which its performance in the 
California Citrus Experiment Station tests has been outstanding, especially 
on heavy soils. The results of these preliminary experiments Arith the Sampson 
justify its wide experimental trial. No other tangelo has yet been tested as a 
rootstock, so far as is knomi to the writer. 

THE TTJZU ORANGE 

The yuzu orange, a hybrid ( Citrus ichangensis x C. reticulata var. austcra ? 
See Vol. I, p. 427), is used to a limited extent in Japan, particularly as a stock 
for the Satsuma. In the Satsuma section of the southeastern United States it 
is not considered equal to the trifoliate, but it has not been adequately tested. 
T. Tanaka (1929&, p. 141) has stated that the “Yuzu (C. junos) has been used 
for many hundred jmars as a good rootstock in Japan.” 

The Imperial Horticultural Station at Okitzu, Japan, reports noteworthy 
differences between yuzu and trifoliate oranges: the trifoliate contains 30 
polyembryonic seeds per fruit; the yuzu, 20 monembryonic seeds. Trifoliate 
seedlings grow rapidly and can be worked in their second year, whereas with 
yuzu it is necessary to wait till the third year. The trifoliate produces a strong 
initial hud growth and is early-beariug, slowing down in the fourth year to 
develop into a dwarfish tree, while it is just at this age that the yuzu begins 
to grow rapidly. The fruits on yuzu are at first larger, with thicker, rougher 
skins, and more acid than those on trifoliate ; but as the trees age they pro- 
duce smooth, polished, tight-skinned fruits that, according to general belief, 
far surpass in quality those produced oh trifoliate stocks. It has become a 
practice of Satsuma growers to graft (inarch) a root of the deep-rooted, 
long-lived yuzu onto Satsumas that already have a trifoliate root. (The fore- 
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going information is condensed fi’om an Imperial Bureau of Fruit Produc- 
tion Technical Communication, 1932, p. 27.) In Japan, the fruits of the ynzu 
are used as "we use lemons; this tends to render the seeds costly, whereas the 
fruits of the trifoliate orange hare no otlier use than for their seeds. 

It is interesting to note that Japanese investigators (Imperial Horticul- 
tural Experiment Station, Okitsu, Japan, Research Bulletin 4, 1925; Nagai 
and Takahashi, 1925, 1928) also obtained very suggestive results with yuzu 
in recovering decadent Thomson Navel orange trees on trifoliate rootstocks 
by inarching them with different stocks, namely, yuzu, sweet orange, sour 
orange, Japanese Summer orange (C. Aurantiuni, intermedia Tanaka), and 
trifoliate orange. All trees inarched with yuzu, sweet, sour, and Japanese 
Summer orange showed marked recoverj' after a period of eight years, but 
those with yuzu gave the beat results, as .judged by increase in growth, fruit- 
fulness, and quality of fruit (see fuller discussion, p. 159, and fig. 69) . 

Panvel (1940), in comparing the yuzu with the trifoliate orange as a root- 
stock in Algeria, stated that ynzu is slow-growing and can only be grafted 
when three years old, whereas trifoliate can be grafted when two years old. 

THE CALAMONDIN 

The Calamondin (Citrus reticulata var. austera ? x Fortunclla sp. ? See 
Vol. I, p. 357) has been used. to some extent in Asiatic countries as a stock. 
It is very cold-resistant — ^probably equal to the Satsuma in this respect; and 
in Texas it is reported to have rendered the lime budded on it much more 
cold-resistant than normally. It is thought, in that state, to be a good stock 
for the kumquat, sweet orange, and mandarin. Seedling trees of the Cala- 
mondin do not grow Avell in California, but they make fine trees in Texas. 
Tanaka and Tanaka (1932) state that it is often employed as a rootstock for 
mandarin varieties in the vicinity of SwatoAV, China. 

The Calamondin orange has been tested in the rootstock experiments at the 
California Citrus Experiment Station, budded with varieties of SAveet orange, 
Satsuma, and lemon, but after seven to ten years of fruiting has not given 
satisfactory growth or yields in comparison with the stocks commonly used. 
As an illustration, the average amiual yield of 16 trees of Owari Satsuma on 
Calamondin, for seven years, Avas only 39 pounds per tree, during which 
period the average for SAveet orange was 57 pounds, and for Morton citrange 
79 pounds per tree. 

When this Satsuma experiment Avas discontinued, in 1939, and the trees 
were pulled, it Avas found that those on Calamondin stocks had developed very 
large taproots (one or tAA'o per tree) which extended straight down fiA^e or 
six feet or more, and had but few laterals near the surface (fig. 61). Of the 
tAventy-five rootstocks under trial, the Calamondin exhibited the most Tiiarked 
taproot development, Avith Citrus Wehierii (fig. 61) next, and the sour 
orange next, the other varieties showing vei-y little indication of taproot 
development. With all A'arieties the same ordinaiy nursery method had been 
followed, the taproots having been shortened in transplanting from the .seed- 
bed to the nursery and again in transplanting from the nur.sery to the orchard. 
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Fig. 61. Taproot development in citrus rootstocks : left, Calamoiidin orange ; 
right, Citrus Wehherii; both rootstocks budded to Satsuma orange scions. 
Trees ten years old, propagated by the ordinary nursery methods, and grown 
in the rootstock experiments of the California Citrus Experiment Station, 
Biverside. (Compare with figure 56.) 
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THE TAMA-MIKAN 

The Yama-mikan, or mountain mandarin, which is classed by Swingle (this 
work, Vol. I, p. 409) as a sour orange hybrid, is used as a rootstock in Hyuga 
Province, Japan (Tanaka and Tanaka, 1932, p. 3), and is said to correspond 
to the sour orange in vigor and habit. It is semiwild in Japan (T. Tanaka, 
1927). 

THE OTAHEITE OHAHGE 

The so-called Otalieite orange, which is classed by Swingle as a lemon x 
mandarin hybrid and by the writer as a lime x mandarin hybrid (see this 
work, Vol. I, pp. 401 and 630), has been used to some extent as a dwarfing 
stock for orange varieties and produces early-fruiting trees of small size. It is 
usually propagated by cuttings, as it is nearly seedless. It is very susceptible 
to frost injury and evideutlj’^ has no value as a commercial stock. 

HEAE EELATIVES OF CITEUS 

Many of the close relatives of Citrus have been suggested as possessing 
value for use as rootstocks, and at least one such relative, the trifoliate orange 
(Poncirus trifoliata) , has been used extensively and more or less successfully 
in many countries (see discussion, p. 123). None of the others, so far as is 
known to the writer, have shown any real promise of value for use directly 
(unmodified) as budding stocks. 

Dr. W. T. Swingle and his associates of the TJ. S. Department of Agriculture 
have conducted extensive studies and expei’iments on the use of various of 
these I'elatives of Citrus as rootstocks for citrus varieties, and many sugges- 
tions and results from trials will be found recorded under different species 
in his chapter on “The Botany of Citrus and Its Wild Eelatives” — chapter iv 
in Volume I of this work. (For a summary of Swingle’s suggestions see also 
Imperial Bureau of Fruit Production, Technical Communication, 1932, pp. 
36-38.) 

In the Riverside experiments only two of these citrus relatives, other than 
the trifoliate orange, have been tested, namely, Ercmocitrus glauca and 
Severinia iuxifolia. Seedlings of both of these species are slow in growth and 
must be held several years longer in the nursery than ordinary citrus root- 
stocks in order to reach comparable budding and transplanting size. Five bud- 
lings of Eureka lemon, five of Marsh grapefruit, and five of Washington Navel, 
on Eremocitrus glauca, were planted in 1931. These all remained severely 
dwarfed, and tree after tree gradually deteriorated, died, or was removed 
because of its hopelessly bad condition. Of the three combinations the Eureka 
lemon was the best, and one tree of the five was still alive in 1943. At twelve 
years of age it was approximately 7 feet high, with a top diameter of 8 to 9 
feet, or about one-fourth standard size. The foliage is opeji, small, and mottled, 
and the tree has many dead branches. The fruits are small, coarse, and much 
ribbed. The bud union is smooth and even and apparently is nearly normal. 

The trials of seedling Severinia iuxifolia stocks budded with Washington 
Navel and Valencia oranges. Eureka lemon, and Marsh grapefruit, of which 
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there were four to five trees of each combination, were little better than those 
of Eremocitrus. All were still living at tlie close of the tenth year in the or- 
chard, but all were severely dwarfed (about one-fourth standard size), and 
all the scions were severely swollen and overgrown at the bud unions. The scion 
trunks, a foot above the swollen portion at the union, were only slightly larger 
than the stock trunks. All the trees looked stunted and sickly, with small 
leaves and few to many dead branches. 

Of these combinations the Marsh grapefruit seems to be the most satis- 
factory. The five trees of Marsh grapefruit, in 1942, were well loaded with 
smooth, good-sized fruit, but the yield per tree was small because the trees are 
small. If these trees were planted as much closer together than standard-sized 
trees as their comparative size would indicate to be possible, the yields might 
be satisfactory. Tests of such plantings, were they to be made, should yield 
interesting results. 

It should be noted that when these trees were between five and six years old 
from date of planting in the orchard and were found to be severely dwarfed, 
sprouts springing from the Severinia stock trunk were permitted to remain 
and grow, in the hope that they might assist in better nourishing the stock. 
Such sprouts after five or six years’ growth are usually large and extend 
through and to the top of the scion tree. These trees were nearly as large at five 
to six years of age as they were five years later. No trees with stock sprouts 
I'emoved were left for comparison, but it seems certain that the stock sprouts 
left growing have exercised no visible beneficial influence on the growth of 
the scions. 

In all the above-mentioned tests of Eremocitrus and Severinia as rootstocks, 
the budlings were produced by the nursery methods commonly used. Dr. 
Swingle, however, in discussions with the writer, has emphasized that the use 
of such citrus relatives as Eremocitrus, Severinia, Swinglea, and the like as 
rootstocks probably will nece-ssitate the employment of special techniques in 
producing the nursery trees. As an illustration, seedlings of Eremocitrus 
glauca grow very slowly for several years and do not reach normal budding 
size until they are five to six years old. By that time they have developed a 
very large root system and probably are seriously injured by transplanting. 
By using a special technique, small seedlings may be grafted, and such grafts 
exhibit normal unions and grow much better than budlings propagated by the 
ordinary methods. Nevertheless, how such new stocks can best be used is not 
known ; ordinary nursery methods may be entirely unsuited to their pecu- 
liarities. 

The tabog {Swinglea glutinosa) has been tested as a rootstock in Hawaii, 
but according to Pope (1934) it has been discarded on account of its slow 
growth and hard, close-grained wood. Swingle, however (see this work, Vol. I, 
p. 452) , has stated that this species budded to Citrus grows well in greenhouses 
kept at high temperatures. He suggests that it may prove valuable as a stock 
in tropical regions having high soil temperatures in winter. Here, as elsewhere 
in the use of such citrus relatives, the methods of propagation must be deter- 
mined, and also the conditions under which the stock is valuable. 
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It mast be granted tbat none of these citrus relatives have been sufficiently 
tested to determine their true value. Some of them are very resistant to salt or 
alkali injui-y (Merope-. Scverinia, etc.) ; some have been shown to have a high 
tolerance for boron {Eremocifniit and Sevcrhiia) ; others are very drought- 
resistant {Eremonims, Microcitrus. etc..); and some are very resistant to 
certain serious diseases — all eharactei’s of some importance in citrienlture. 
Some of them, on more extended trial, may be found satisfactory as rootstocks 
for certain varieties under special conditions. It does not seem probable, how- 
ever, from the few trials thus far made, that they possess great value for use 
with the standard citrus varieties in commei’cial prolongation. It seems certain 
that the main valne of these relatives is not to be expected from their direct 
use as stocks, but from their posses.sion of valuable characters such as resist- 
ance 1o drought, to boron or alkali injury, or to disease, wdience they may be 
used through hybridization to combine with known good citrus stocks in 
order to produce new hybrid varieties that will possess the special characters 
desired and be more congenial in their gi-owth factors with standard citrus 
varieties. 

When one first exajuines the dwarfed trees of citrus vai-ieties budded 
directly onto such rootstocks as ErcmocHrns, Scvcrima, or Swinglca, the too 
common tendency is to dismiss as fantastic and wholly impracticable the idea 
of employing such relatives for rootstocks. It is a problem for the plant breeder 
to combine their desirable characters in hybrids and thereby to produce 
successful .stocks that will be more resi.stant to drought and have greater toler- 
ance for alkali and bormi. That such shifts of characters can be obtained 
frequently through recombinations in hybrids is a well-known principle of 
breeding. 

Swinglea and Scrcrinin are rather remote relatives, and their ability to 
hybridize with Citrus apparently has not yet been demonstrated. Ercmocitrus 
and Microcitrus, however, are close relatives and have been successfully hy- 
bridized with certain species of Citrus. 

Swingle (see this work, Yol. I, p. 365) has directed attenlioji to the fact that 
Ercmocitrus glauca. which has a very high tolerance for boron, produces 
numerous hybrid seedlings (eremoleraons) when grown near the Meyer lemon. 
The hybrids were found to grow very vigorously and to produce numerous 
fruits wuth 1 to 3 seeds each. The seedlings grown from such seed produced 
plants exactly like the original hybrids, and experimental tests showed that 
they liad inherited the high degree of resistance to boron injury of the Eremo- 
citrus. It is quite probable that such hybrids would be more congenial with 
citrus varieties than the parent Ercmocitrus, and their high tolerance to boron 
might give them special value as stocks for use in regions where boron in irri- 
gation water or in the soil renders tlie use of ordinar.v stocks dangerous. 

There can be no doubt that any citrus relative that is found to ]iossess qual- 
ities of high resistance, either to toxic soil chemicals or to disease infection, is 
likely to prove exceptionally valuable in breeding experiments to produce 
resistant stocks. It is the writer’s belief that this field of research will yet 
produce results of far-reaching importance. 
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RELATION OP NUCBLLAR EMBRYONY TO CHOICE 
OP ROOTSTOCKS 

One of tlie factors of prime importance in the selection of citrus rootstocks 
is the degree of nucellar embryony shown by different varieties and species 
(consult Vol. I, chap, ix) . Since the seedlhigs developed from nucellar embryos 
are produced directly from the tissue of the mother, without the intervention 
of cross-fertilization, they are likely to be about as uniformly like the mother 
as they would have been if the propagation had been by cuttings, and they will 
all show normal root development. 

It is clearly of advantage to use a stock variety that will reproduce the type 
as nearly true as possible by seed propagation. Since the embryos developed 
by cross-fecundated egg cells are likely to be variable, owing to the com- 
mingling of diverse heritage from different parents, it is evident that the larger 
the number of nucellar embrjms developed, the greater will be the proportion 
of seedlings having the same characters as the mother. Different Citrus species 
and varieties, as recorded by Webber (1900a, 1900&, 1932e), Prost (1926), 
Toxopeus (1930), and Torres (1936), show considerable differences in the 
number of nucellar embryos developed. In those producing few nucellar 
embryos, such as the lemon vaz’ieties Eureka and Lisbon, the seedlings would 
normally be developed mainly from fertilized egg cells ; but those producing 
a large number of nucellar embryos, such as the Rough lemon, would have only 
few seedlings developed from fertilized egg cells. The uniformity of the seed- 
lings, therefore, will depend largely on the proportion of the nucellar-embryo 
seedlings developed. (See Vol. I, table 44, p. 794.) 

In the reproduction of certain first-generation hybrids, such as the Sampson 
tangelo and various citranges, it has been found that the seedlings in the second 
generation come as true to the type of the first-generation seedlings as if they 
had been grown from cuttings. In one experiment, thirty-seven seedlings of the 
Sampson tangelo, grown at the California Citrus Experiment Station from 
fruits taken from a tree open to free cross-pollination, exhibited, at the age of 
twelve years, when in full fruit, almost no recognizable variation. Likewise, 
progenies consisting of several hundred seedlings each from the Rough lemon, 
the Palestine sweet lime, and the Savage, Cunningham, Rusk, Morton, and 
Coleman citranges, in their early stages up to three years of age, were found 
to be similarly uniform. Seedlings of the Sanford citrange, however, exhibited 
great variation ; in this variety the fertilized egg cells commonly develop, and 
nucellar embryony is apparently less frequent or wanting. 

In varieties that produce a fairly high percentage of nucellar embryos most 
of the seedlings can be recognized as representing the largest proportion of 
the progeny. They will have the same foliage and branching characters and 
will in general be of about the same size. They present a uniform and, com- 
monly, easily recognizable type. Mixed with these will be a varying number 
of seedlings that show different characters, such as different branching and 
larger or smaller leaves, and that are usually less vigorous and of smaller 
size. These, in large part, are the so-called “variant” seedlings which appar- 
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ently are mainly produced from gametic embryos resulting from the cross- 
fertilized egg cell. It is these small, off-type seedlings or variants that should 
be discarded to obtain uniform seedlings for use as roolsLocks. 

Toxopeus (1932) found that it was possible to distinguish the seedlings of 
sexual origin from those of vegetative origin, in what he calls the “Japansche 
Citroen” (see footnote 1, p. 101), and in the Rough lemon, and by this means 
to insure the use of a more or leas standard stock. He states that in the Rough 
lemon the sexual seedlings are so distinct that it is unnecessary to describe 
them otherwise than as generalh* weak. 

IMPROVING TREES BY SELECTION OF ROOTSTOCK 
SEEDLINGS* 

LARGEST SEEDLINGS AS PRODUCTIVE OP LARGEST BUDLINGS 

In agricultural crops generall}', it is considered important to exercise some 
selection of the plants or seeds used in propagation in order to eliminate in- 
ferior individuals. The importance of such selection has been demonstrated 
by careful experiments. Some selection has been practiced commonly in the 
propagation of citrus nursery-stock seedlings, but, so far as is known to the 
writer, no experiments in proof of the desirability of such selection had been 
made prior to his experiments begun in 1917 (Webber, 1920a, 19206). These 
experiments have been continued up to the present time (1943), but the 
principal conclusions were published in 1932 (Webber, 1932c). As the sour 
orange was perhaps more generally used than any other rootstock, the world 
over, the data from the selection tests with this stock are given here in some 
detail. In considering these results it should be remembered that the per- 
centage of nucellar embryouy of the sour orange apparently varies between 
70 and 80 per cent, as determined by the Avi-iter from the examination of 
different lots of seedlings. 

The writer (Webber, 1932e) has shown that, in a lot of 389 unselected sour 
orange seedlings -worked with buds from one highly selected tree of the Wash- 
ington Navel, the seedlings that were the largest at the time of budding 
produced, in general, the largest trees. In this lot of trees the area of the cross 
section of seedling trunk (determined from tlie circumference 4 indies above 
the soil, measured just prior to the. budding), when compared and correlated 
with the area of cross section of the one-year-old budling trunks 2 inches 
above the bud union, gave a correlation coefficient of + 0.736 ± 0.016, show- 
ing that among the young budded trees the large ones had mainly been pro- 
duced on large stock seedlings. When the same trees were eight-year-old 
orchard trees (eight years in orchard), a similar comparison gave a correla- 
tion of -r 0.437 ± 0.028. These correlations are high enough to show clearly 
that ill an ordinary lot of unseleeted stock seedlings the size of the seedling 
at time of budding has a significant influence on the size of the budlings and 
of the orchard trees. 

* The e.ipenmental data on whicli this section is based are included in the following 
publications: -Webber, 1919, 1920o, 19206, 1920c, 1922, 1923, 1926, 1927, 1928, 1929, 
1931, 19320, 19326, 1932d, 1932e,- Webber and Barrett, 1931. 
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In the same lot of treeSj -when the size of the one-year-old budlings is com- 
pared with that of the eight-year-old orchard trees, a correlation of -t- 0.622 ± 
0.021 is found to exist, showing that, in general, the large hudlings produced 
large orchard trees. If large-sized orchard trees are desired, these figures 
indicate the importance of a rigid selection to eliminate the small seedlings 
and small hudlings in the nursery (fig. 62) . 



rig. 62. Washington !Navel on sweet orange stocks, showing effect of size of nursery 
trees on size of trees in the orchard; right, row planted with large nursery trees; left, row 
planted with small nursery trees. The trees are all of the same age, from the same seedbed 
and nursery, and otherwise entirely comparable. California Citrus Kxperiinent Station, 
Eiverside. 


VAEIATION IN EOOTSTOCK SEEDLINGS 

Irrespective of the species or variety of rootstock used, variations in size 
sueh as those that occurred in the lot of sour orange seedlings referred to 
above will be found to exist. A careful examination of such a lot of seedlings 
also reveals that there are other differences : in type of branching, length of 
internodes, form and size of leaf, etc. Size variations are probably due in 
appreciable measure to environmental and accidental eauses, but the other 
types of variation in seedlings grown in proximity are not likely to be caused 
by environment. Such variations, in most plants, are more likely to be due 
to different heritage (genetic constitution) from the two parental lines, 
commingled in the offspring. In Citrus, however, where a high percentage of 
the seedlings of most good stock types are developed from nucellar embryos. 


Rootstocks: Character and Reactions 


141 



Fifi. 63. Sour orange trees sliotvhig variations in size due to individnal differences in scions 
frian variant types of sour orange seedlings. Tivo tree's of each type rvore propagated, one 
on Rough lemon and the other on ordinary sonr orange stork. Tin' trees arc thus in pairs, 
except the dwarfed tree at the left, which is the only one of Ihe pair shown. Extreme dwarf 
types such as this, when used as stocks, always procinee dwarfed trees like the small central 
tree in figure 64; types such as those shown by trees 4 and 5 from Ihe left, always produce 
strikingly dwarfed trees when budded. Types such as tliosc shown )iy trees 2 and 3, and 
6 iind 7, though of more vigorous growth," are abnormal variants and produce some degree 
of dwarfing, as illustrated by second tree from right in figure 64. 



Fig. 64. Eight-year-old Wiishington Navel orange trees, showing variations in size due 
to individual differences in the sour orange seedlmgs used as stocks. All 'Washington Navel 
buds used in propagation were taken from one carefully selected tree. The small and 
medium-sized trees here are on rootstock seedlings of variant types such as those used as 
scions for the trees in figure 63. 
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variations due to the crossing of different types are not so frequent. Here a 
large percentage of seedlings come from nueellar embryos and are likely to 
be genetically of the same type and thus to exhibit similar characters. 

If one studies carefully a field of nursery seedlings of a sour orange variety, 
it will become evident that the great majority of them, perhaps 70 to 80 per 
cent of the total, are very much alike and represent a prevailing type. The 
other 20 to 30 per cent will differ from this prevailing type in various 
characters, such as reflexed branches, short bunchy growth, smaller leaves, 
rounded leaves, more pointed leaves, narrower leaves, and the like. These off- 
type seedlings, which are mainly smaller and apparently weaker than the 
general run of seedlings of the prevailing or normal type, are designated 
“variants.” 

Nature and impoHance of variants . — ^While the seedlings of the prevailing 
type are evidently in greater part from nueellar embryos, it is probable that 
the seedlings of the variant types are mainly from embryos that develop in the 
normal way from the egg cells after pollination and fecundation, and that 
these seedlings are therefore genetically different from the nucellar-embryo 
seedlings of the prevailing type (see Vol. I, p. 842). AU these are seedlings 
of the sour orange, but are all equally satisfactory to use as stocks? (See fig. 
63.) 

An examination of the lot of 389 nursery seedlings of sour orange referred 
to above revealed that 43 of them* should be classed as variants because of 
characters, visible in the nursery, differing from the prevailing type. AU the 
seedlings were numbered and budded at the same time with buds from one 
selected tree of Washington Navel, and the trees were then grown in an experi- 
mental orchard. With one or two exceptions, all the trees classed as variants 
produced orchard trees showing some degree of dwarfing, and most of them 
produced marked dwarfing (fig. 65). 

These variants apparently occur normally among citrus seedlings. Since 
the majority of them are constitutionally weak and below normal size, a rather 
large proportion of them die before reaching the age and size for budding. 
Many are doubtless discarded in the seedbed because they are too small to 
transplant successfully, but a sizable number of them, if not recognized and 
discarded, are finaUy budded and transplanted into orchards, causing irregu- 
larities in size (fig. 64) and lowered production. 

The fairly high correlation (+ 0.437) between sizes of nursery seedlings 
and sizes of eight-year-old orchard trees was caused, in large part, by the 
presence of these variants. When the 43 variants were excluded and the size 
of the nursery seedlings, as shown by area of cross section of trunk of the 
remaining 346 trees, was compared at different intervals with the trunk size 
of the budlings, the following graduaUy decreasing correlations were ob- 
tained ; with one-year-old hudlings, + 0.549 ± 0.026 ; three-year-old trees, 
+ 0.125 ± 0.036 ; six-year-old trees, + 0.010 ± 0.036 ; and with eight-year-old 
trees, -0.021 ± 0.037. In the nuceUar-embryonie population, consisting of 

'■ This number of variants would indicate only 89 per cent nueellar embryony, but many 
of the small variants had died before the budding was done, or were too small to bud. 
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the seedlings remaining after the variants were removed, the small degree of 
correlation at first existing had disappeared by the end of the sixth year in 
the orchard. This is corroborated by the fact that with the same population 
(variants excluded) the correlation of trunk size of seedlings witli trunk size 
of stocks and with volume of tops, of the eight-year-old trees, had fallen to 
— 0.054 zb 0.032 and - 0.012 zb 0.036, respectively, indicating that there was 
no correlation. 

The yield of the trees during the fii-st eight-year period does, however, show 
a low correlation. Here, with the population of 346 trees (exclusive of vari- 



Fig. 60. Comparative size o£ Washington Xavcl orange on different seedling rootstocks 
of sour orange; J, extreme-variant sour (no. 52-39), causing marked dwarfing ; S, medium- 
variant sour, causing medium dwarfing; C, normai sour orange, producing standard-sized 
tree. All trees nine years old. 

ants), when area of trunk cross section of stock seedlings was compared with 
the total five-year yields of the eight-year-old orchard trees growm on them, 
there was obtained a correlation of -f- 0.135 zb 0.035. Although this is a posi- 
tive correlation, it is so low as to be of doubtful significance. 

Importance of eliminating variants .- — ^In view of the fact that, after the 
variants are removed, the variation in size of the remaining seedlings shows 
no significant correlation with the size of the orchard trees at the end of the 
eighth year, it seems clear that the important factor in nursery selection is 
removal of the variants. This can be achieved with fair success by discarding 
the small seedlings when they are dug from tlie seedbed, and by a further 
elimination of the small seedlings and variant types in the nursery just before 
the budding. 

LARGEST BUDLINGS AS PRODUCTIVE OP LARGES'I' ORCHARD 
TREES AND YIELDS 

With the population of 389 sour orange trees referred to above, the correla- 
tion of area of cross section of scion trunks of the one-year-old budlings with 
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that of the eight-year-old orchard trees gave a coefficient of + 0.622 ± 0.021 ; 
a similar correlation for the 346 trees remaining after the variants had been 
eliminated was reduced to -f 0.182 it 0.034. When, with the entire population 
of 389 trees, hudling size was correlated with total five-year yield of fruit per 
tree in the eight-year-old orchard, the coefficient was + 0.517 it 0.025 ; and 
with variants removed this was reduced to + 0.233 it 0.034. It seems that 
here, even with the variants removed, there is an appreciable correlation be- 
tween size and yiel d of orchard trees. 

Almost the same correlations were obtained for a population of 1,506 ten- 
year-old orchard trees of Washington Navel on sweet orange stocks, from 
which all small hudlings had been rigorously eliminated before planting 
(variants thus removed). Here the area of cross section of scion trunk of the 
orchard trees, taken one year after planting, correlated with the area of cross 
section of trunk when nine years of age and with average total seven-year 
yield per tree, gave coefficients of +0.158 ± 0.017 and +0.229 ± 0.016, re- 
spectively (Webber, 1932a, p. 55). 

These results, together Avith other data, led Webber (1931, p. 116) to con- 
clude : “It thus seems that it is fairlj' safe to assume that after all variants are 
excluded from a population a small degree of correlation still exists between 
hudling size and tree size, and between hudling size and orchard yield, 
amounting to a coefficient of approximately + .15 to + .18 in the former, and 
+ .22 to + .23 in the latter. These are positwe correlations but are small and 
thus of rather doubtful significance and leave one somewhat in doubt whether, 
any selection other than that intended to eliminate the variants is impoi’tant.” 

COMPARISON OP SEEDLING AND BUDDING SELECTION 

In the experiments with sour orange trees referred to above, detailed 
records of each tree Avere retained and it was thus possible to arrange and 
test the i-esults of different methods of selection (Webber, 19325; 1932e, p. 
63). Eeeords of the entire population of 346 trees (variants excluded) Avere 
used and two methods of selection were tested, one based on the diameter of 
the stock seedlings just before they Avere budded, the other on the diameter 
of the scion trunk of the one-year-old hudlings just before they were trans- 
planted to the orchard. 

In the selection based on seedling size, seedlings 2.1 cm. or more in diameter 
Avere graded as firsts or large, and those 2.0 cm. or less in diameter were graded 
as seconds or small. In the selection based on hudling size, a similar classifica- 
tion AA'as employed : hudlings having scion trunks 1.8 cm. or more in diameter 
were graded as firsts or large (grade one), and those having scion trunks 1.7 
cm. or less in diameter Avere graded as seconds or small (grade tAvo). The 
average total five-year yields of all the trees in each grade Avere then brought 
together for comparison (see table 9). 

An examination of table 9 shows that, when the selection (segregation) Avas 
based on diameter of seedling trunk, there Avere 237 seedlings in grade one 
and 109 in grade tAvo, and the average five-year yield of trees of grade one 
Avas 56.2 pounds per tree greater than that of trees of grade two. When the 
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selection was based on diameter of budling trnnk, there were 242 trees in 
grade one and 104 in grade two, and the average five-year yield of the trees 
grown from the grade-one budlings was 47.2 pounds per tree greater than 
that of trees from grade-two budlings. 

The comparative results indicate that .selection based on size of seedlings 
before budding is fully as effective as that based on size of budlings. Further- 
more, seedling selection is much less exjpensive than budling selection, as a 
discarded nurserj’ seedling is much less valuable than a discarded budling. 
In either case, however, the value of the extra fruit produced on the selected 
trees would in a few years pay the costs entailed by the selection. 


TABLE 9 

Comparative Yields Obtained by Segbegatino Stock Seedlings and Budlings 
(after Elimination op Variants) into Large and Small Grades* 


Grade 

Diameter 
of trunk 

Number 

of 

Per cent 
of total 

Total 
average 
yield ' 

Gain in yield per tree 
over second grade 


(cm.) 

trees 

population 

per tree i 
(lbs.) 

Pounds 

Per cent 

Seedlirif^: 

Firsts (large) ... ... 

2.1 or more 

237 

68.5 

204 4 

56.2 

23 6 

Seconds (small) 

2 or less 


31.5 

238.2 



Budlings: 

Firsts (large) . . 

1 . 8 or more 

1 

242 

69.0 

200.8 

47.2 

10.4 

F^cconda (small) 

1 . 7 or less 

104 

30 1 

243 J 




* Total population, 346; mean total 3 *ield per tree forfiv6>year period, 277.18 lbs. 


PERMANENCE OF IMPROVEMENT OBTAINED BY SELECTION 

The elimination of variants is of primary importance in the cultivation of 
citrus, as trees propagated on variant seedlings remain, with few exceptions, 
permanently dAvarfed and unproducth'e. This is the fundamental reason for 
selection. 

In the studies reported above, differences in .size of trees and in yields, as 
the result of selection after elimination of A'ariauts, were mai'ked during the 
first few years. Gradually these differences disappeared, though some differ- 
ences were apparent up to the close of the eighth year in the orchard. The 
benefit resulting from the selection of variant-free progenies Avas interpreted 
by Webber (1932e, p. 70) as due to the holdoi'er influence of large size and 
vigor in the young seedlings, which maintain the advantage for a considerable 
period. It Avas not supposed that the heritage of the plants Avas influenced by 
the selection, but rather that the effect AA'as similar to that obtained by the 
selection of large seeds. 

Careful studies on rootstock seedling size as it affects the size and yield of 
orehai’d trees haA'e also been carried out by Mendel (1.940) in Palestine. Men- 
del used stocks of the Palestine SAveet lime budded to Shamouti SAveet orange. 
Pour plots of 20 trees each on small or thin stocks and fonr plots of 20 trees 
each on laz’ge or thick stocks Avere .set out in altei-nate arrangement in a test 
orchard, and their comparative development Avas recorded. 
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It was found that the difference between the groups of thick and thin stocks, 
which at the time of the selection in May, 1.931, amounted to 43.6 per cent (the 
diameter of the thick stocks being taken as equal to 100 per cent), decreased 
gradually until the time of transplanting into the test orchard, in March, 
1934, when the difference was only 7.3 per cent. At this time a second selection 
was made, which raised the difference to 20.5 per cent. Following this, Mendel 
(1940, p. 84) stated that the difference between the thick and thin stocks was 
reduced to 5.1 per cent in June, 1939 ; that the growth of scions, on the whole, 
showed the same tendencies as that of the stocks ; and that the differences be- 
tween the groups, with regard to yields, were not significant from the first year 
of fruiting onward. He concluded that the elimination of morphologically 
deviating types (variants) was therefore all that mattered in the selection of 
sweet lime stocks. 

Mendel’s conclusion confirms the writer’s findings in his earlier experiments 
(Webber, 1932e, p. 75). It should be remembered, however, that Mendel 
worked with the Palestine sweet lime, which develops a very high percentage 
of nueellar embryos and thus reproduces nearly true to type through the 
seed, exhibiting normally only about 2 per cent of variant seedlings. These 
variant seedlings are small and weak, and are mostly eliminated in the trans- 
planting from the seedbed to the nursery, or are usually easily detected and 
eliminated in the nursery at the time of budding. This same condition bolds 
with the Rough lemon, Sampson tangelo, and such citranges as the Morton, 
Savage, Rusk, and others, the embryos of which are from 98 to 100 per cent 
nucellar-embryonic. With such stock varieties, selection to eliminate the small 
number of variants does not seem very important ; but with seedling stocks of 
sweet orange, sour orange, grapefruit, and mandarin vai’ieties, where the 
proportion of variants may range from 20 to 30. per cent, careful attention 
to the removal of the variant seedlings becomes highly important. It is the 
writer’s experience, furthermore, that in transplanting seedlings from the 
seedbed to the nursery, and to some degree in transplanting budlings to 
the orchard, the small plants are more likely to perish than the larger ones, and 
that for this reason, also, the small plants should commonly be discarded. 

METHODS OF SELECTION FOE COMMEECIAL NtJESEEIES 

The application in commercial nurseries of the principles of nursery selec- 
tion discussed in the previous section is fortunately not difficult and requires 
only careful observation and attention. Selections should be made at three 
different times: (1) when the seedbed is dug, (2) in the nursery just before 
budding, and (3) when budlings are dug for planting. 

Selection at seedbed . — ^When the seedbed stock is being transplanted, the 
policy of discarding all small individuals should be rigorously followed. The 
proportion that should be destroyed wiU depend upon the degree of variation 
exhibited by the particular lot of seedlings. If they are grown from seeds 
taken at randbm from trees of varying types, as with the “bulk seed” com- 
monly used, it is probable that 20 per cent or more of the total number should 
be eliminated. If they are grown from seed from selected trees known to pro- 
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duce fairly uniform seedlings, the percentage of discards should he smaller. 
If the seed is from such special varieties as the Rough lemon, Palestine sweet 
lime, Sampson tangelo, or certain citranges in which nucellar embryony is 
known to insure a fairly true transmission of type, then the percentage of 
discards at the seedbed may be limited merely to the size that can be properly 
handled in transplanting. Almost always, however, from 15 to 20 per cent of 
the total number should he selected out and destroyed. 

At this time also, all malformed seedlings, such as extreme cases of “goose- 
neck” or “bench root,” should be discarded. 

Selection at time of budding. — ^When the seedlings growing in the nursery 
have reached the size and age for budding, preferably just before budding is 
started, the nursery should be carefully inspected, row by row, and all in- 
ferior or off-type plants cut out. At this time, also, a considerable number of 
the small plants should be eliminated. This is the last time that the character 
of the seedlings can be examined, and it is the most important time to use care 
and be thorough. If there was a fair elimination at the seedbed, this selection 
should not require the destruction of more than perhaps 5 to 10 per cent of 
the total number of the plants. 

Budling selection. — ^When the budded trees have reached the age and size 
for transplanting, they will vary considerably in size, owing to differences in 
the manipulation, in the time the buds started growth, etc. If, however, the 
seedling stocks have been carefully selected, as indicated above, all should 
.produce good trees, except, rarely, where the buds did not heal on well or were 
defective. At this time all particularly undersized, weak, or sickly budlings 
should be discarded. With properly selected seedling stocks and good buds 
the elimination at this time will be slight, probably not more than 5 per cent. 
Even at this time the trees have a low value in comparison with the value they 
will have after a few years in the orchard, and the importance of having every 
tree a good tree, in a long-time crop like citrus, can scarcely be overestimated. 

USE OF SPECIAL ROOTSTOCK VARIETIES 

Earlier inquiry with respect to species. — Until very recently, attention 
given to rootstocks has been limited almost wholly to a consideration of species 
reactions only. The inquiry has been directed toward determining whether 
it is best to use stocks of sour orange, sweet orange, grapefruit, or some other 
species. The only exception is the use of certain varieties such as the Rough 
lemon, Palestine sweet lime, Cleopatra mandarin, Sampson tangelo, and a 
few others, which, because of their outstanding characters, came to be tested 
and finally used as stocks under their varietal names. 

Present interest in varieties. — It is a well-recognized fact that all species 
are variable and that the species of Citrus under general cultivation have 
developed many very distinctly different varieties and strains. As an illustra- 
tion, in the stock experiments of the California Citrus Experiment Station 
there are now some fifty different types or varieties of the sour oranges that 
are fruiting. At twenty years of age, these trees grown as seedlings or as 
budded trees on uniform stocks range in height from 5 to 18 feet and are 
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equally different in fruit and foliage characters (see this work, Vol. I, p. 
486.) It is inconceivable that these different types would give like results 
when used as stocks, yet all of them are sour orange. It has been found that 
many of these types, when tested with the same strain of the Washington 
Navel, give markedly different results, the scion tops showing almost as great 
a range in size as the stock types themselves (see fig. 64). Eootstock experi- 
mentation hereafter should he directed toward finding the best stock strains 
among the numerous varieties of each promising stock species. 

Choice of stock strain for test hud strain. — In the rootstock tests at the 
California Citrus Experiment Station some evidence has been obtained indi- 
cating that, with the same scion strain, certain varieties give better results as 
stocks than certain other varieties of the same species. The trees of Owari Sat- 
suma on African sour orange rootstocks were markedly inferior to those on 
other sour orange stocks, especially the Brazilian ; and again in the tests with 
scions of orange, grapefruit, and lemon varieties, the African sour was usually 
inferior to the other sour stocks tested, though not always to a significant de- 
gree. The Cleopatra mandarin was usually, but not always, better than the 
Dancy. Eureka and Lisbon lemon scions on Bessie, Madam Vinous, and 
Koethen sweet orange stocks in general gave better results than those on the 
Homosassa sweet (see data in chap, iii) . The same seemed more or less true of 
different sour orange, grapefruit, and mandarin stocks used with a uniform 
bud strain (Webber, 1934). Usually, however, these differences were small 
and of doubtful significance, but occasionally they were consistent and fairly 
large. 

These experiments included only a few (3 to 6) rootstock varieties of any 
single species, and these were always chosen as strong, vigorous growers. 
Among so small a number, so chosen, no great range of difference would be 
expected. If a large number of stock varieties of the same species were to be 
tested, it seems certain that a wide range of significantly different yields would 
be obtained, and that there would be differences also in resistance to disease, 
length of productive life, and other factors. The writer bases such a state- 
ment not only upon the limited experimental evidence available, but also upon 
the general results obtained by those who experiment in the breeding of plants 
and animals. 

According to the evidence available, if the same reaction is to be expected 
regularly, the stocks must all have the same genetic constitution, and the 
scions, also, must be of the same strain and genetically homogeneous. By de- 
termining the reactions of genetically homogeneous strains, one should be 
able to discover the most satisfactory combination of stock and bud strain, 
and thus be able to reproduce the same favorable reaction regularly. Only in 
this way, apparently, can there be any certainty in expected results. In the 
California Citrus Experiment Station tests, for instance, it has been shown 
that the Sampson tangelo is a good stock for the Valencia orange but inferior 
for the Washington Navel (see pp. 184-185, 187, 190). In the future, study 
should be directed to variety and even to strain congeniality instead of to 
species congeniality only. 
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IDENTIFICATION OF 
ROOTSTOCKS 

DIFFBEENCBS IN OHAEACTBE OP 

FOLIAGE AND OP BUD UNIONS 

It is frequently desirable to identifj’' 
the rootstocks of trees, but until re- 
cently no satisfactory method of iden- 
tification has been known. The quickest 
and surest method of identifying a 
rootstock is by examination of sprouts 
from the stock. Anyone familiar with 
Citrus species can usually identify the 
different ones by the foliage or the odor 
of the crushed leaves. Frequently, how- 
ever, no sprouts are formed on the 
stock, and several years might be re- 
quired to induce them to develop. 

A fairly correct diagnosis of the 
stock species may often be made by 
observing the stionic reaction at the 
bud union, as pointed out by “Webber 
(1927). Extreme reactions in different 
combinations may somewhat overlap, 
however, so that with individual trees 
on mixed stocks errors will frequently 
be made (see discussion of stock re- 
actions, p. 73). 

DIPPEEENCES IN STEM AND 
BOOT STEUCTUEE 

Differences in cellular structure have 
been effectively used to distinguish a 
limited number of stock species. Penzig 
(1887) found a striking difference in 
tlie cellular structure of the pith of 
twigs of trifoliate orange and sour 
orange, and Swingle (1909) suggested 
this method of distinguishing between 
these two species when used in Satsuma 
production. Longitudinal sections of 
the pith of young stems of the trifoliate 
orange exhibit an irregular arrange- 
ment of thin-walled cells together with 
crossplates of thick-walled cells (figs. 
66, A, and 67), while similar sections 
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Pig. 66. Cellular structure of different 
citrus species, as shown in longitudinal 
sections of pith of young stems: A, tri- 
foliate orange, showing crossplates of 
thick-walled cells and irregular arrange- 
ment of thin-walled cells ; B, sour orange, 
showing arrangement of cells in series; 
C, yuzu orange, showing irregular ar- 
rangement of cells, without crossplates. 
(After Wolf, 1912.) 
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of the pith of sour orange stems show only uniform thin-walled cells arranged 
in regular series, and an entire absence of the crossplates of thick-waUed cells 
(fig. 66, B) . Wolf (1912) extended this method to distinguish the yuzu orange, 
which was found to have only thin-walled pith cells similar to those of the 
sour orange but irregularly arranged (fig. 66, C). It thus differs from the 
sour orange, in which the cells are arranged in regular series or chains, and 
from the trifoliate, in which there are erossplates of thick-walled cells. 

Wolf also studied characteristic differences observable in cross sections 
of one-year-old roots (about 4 mm. in diameter) of the same three species 

(fig. 68). The trifoliate orange is easily dis- 
tinguished from the sour orange and the yuzu 
by the large vessels in the wood, these being 
much larger and more numerous than similar 
vessels in the other two species, and by the 
more numerous groups of bast fibers in the 
bark, which form three or four broken con- 
centric rings. In the yuzu, only a few scattered 
groups of bast fibers are present in the bark, 
whereas in the sour orange the groups of bast 
fibers are numerous and close together in the 
inner row, with only a few scattered groups 
farther out, a condition intermediate between 
that of the yuzu and the trifoliate orange, but 
clearly differentiating the sour (fig. 68) . 

In the differentiation of trifoliate stock 
from the yuzu. Wolf also found that the yuzu 
roots, when bruised, emit a strong, penetrating odor, disagreable to many, and 
that the odor of trifoliate is faint and milder. 

DIFFERENCES IN COLOR REACTIONS WITH CHEMICAL REAGENTS 

The first attempt to identify stocks by colorimetric chemical reactions was 
apparently that made by Henricksen (1928), of the Puerto Rico Agricultural 
Experiment Station, who based his method on the presence in all citrus roots 
of varying quantities and kinds of glucosides containing phenol. He used 
extracts from the root tissues and, with ferric chloride as an indicator, found 
that the different color reactions obtained were more or less characteristic of 
the species. 

Halma and Haas (1929a, 1929b) developed a similar method of identifying 
citrus species by employing colorimetric chemical tests with samples of dried 
bark. A number of tests were used in these experiments, but the one that gave 
most consistent results was the Almen test (Cohn, 1909, p. 3) for carbolic or 
salicylic acid, which is practically the same as Millon’s reagent for albumens 
and phenols. Their experiments also indicated that three other reagents — 
molybdic acid, titanous acid, and ferric chloride — ^were of value when identi- 
fication was doubtful. The results obtained by these investigators were sufS- 
ciently uniform within commonly accepted limits of the species to lead them 



Fig. 67. A small group of thick- 
walled cells from pith of trifoli- 
ate orange. Magnified 375 diam. 
(After Swingle, 1909.) 
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to “suggest the possibility that these colorimetric differences may be useful 
in citrus classification.” 

In a later paper, Halma (1934, p. 102) described the preparation and use 
of the Almen test as it had been modified since its first use by Halma and Haas. 
This modified statement follows : 

Enough bark is lifted from the rootstock trunk to make at least 0.5 grams when dried at 
'about 70° 0. After drying it is ground fine enough in a mortar to pass through a 40-mesh 
sieve. 0.5 grams of this powder is placed in a beaker and 20 ce. of distilled water is added. 
After several minutes the contents of the beaker are transferred to filter paper and the 




Fig. 68. Diagrammatic cross sections of roots of citrus species, illustrating the character- 
istic arrangement of groups of bast fibers in the bark, and the eomparative size and 
arrangement of large vessels in the woody cylinder: A, trifoliate orange; B, sour orange; 
C, yuzu orange. (After 'Wolf, 1912.) 

residue washed with 10 cc. of water. The 0.5 grams of powder are therefore leached with 
30 cc. of water, and 5 ce. of the filtrate are made alkaline with two drops of potassium hy- 
droxide prior to adding 10 drops of a saturated solution of copper sulphate. This is followed 
by 10 drops of mercury reagent which is made up as follows: 160 grams of re-distilled 
mercury are dissolved in 160 grams of red fuming nitric acid (specific gravity 1.60) and 
this is finally diluted with 320 cc. of distilled water. 10 drops of this reagent are added to 
the contents of the test tube and boiled. The resulting colour of the solution identifies the 
variety. Thus the sour orange bark extract assumes a sort of amber colour and that of tho 
sweet orange a dark pink. The Eureka lemon, although not ordinarily used as a stock, can 
easily be distinguished from the sour orange by a reddish colour reaction. These two varie- 
ties can be further separated by adding two drops of ferric chloride solution to 5 cc. of bark 
extract. In this test the Eureka lemon extract toms a blackish brown and the sour orange a 
much lighter brow. (Tests with Bough lemon bark extract show that its colour reaction is 
distinctly different from that of the Eureka lemon although both varieties are classified as 
Citrus Umonia.) Although the nature of the colour reactions has not been investigated it 
has been found that with budded trees it is not influenced by age of tree, time of year at 
which the bark sample is taken, and most import.mt of all, the substance involved in these 
tests apparently does not move across the bud union. 
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Marloth (1936), in South Africa, has made extensive studies and experi- 
ments on the use of these four colorimetric reagents in identifying Citrus 
species, working mainly by the methods suggested by Halma and Haas 
(1929o)." 

The color reactions obtained by the investigators cited above, for the prin- 
cipal citrus species, are presented in table 10. The four authors agree, in 
general, that where two species give approximately the same reaction with 
one of the reagents, they can usually be separated by one of the other reagents. 
One evidence of the value of such tests, indicated by both Halma (1934, p. 102) 
and Marloth (1936, p. 7), is the markedly different reactions given by the 
typical lemon (Eureka and Lisbon) and the Bough lemon, although both are 
commonly classed as the same species, Citi'us Limon. However, it has long 
been recognized by all students of Citrus that the Rough lemon is doubtless 
a hybrid, though its parentage is still unknown (consult Vol. I, p. 607) . Mar- 
loth (1936, p. 7) also directs attention to the different reactions of the pum- 
melo (shaddock) and grapefruit, which are frequently classed as the same 
species. 

Bacchi (1943) used these colorimetric tests in Brazil to identify rootstocks 
in the study of the tristeza disease (see p. 100) . He found the Almen and ferric 
ehloi’ide tests to be the most satisfactory, permitting the separation of the 
species and varieties into four groups: (1) Citrus Aurantium, (2) Citrus 
sinensis, (3) Citrus Limon, and (4) "all the others.” The reactions obtained 
were somewhat different from those given above, and it was suggested that 
this was perhaps due to the variation in the environmental conditions. 

It is evident that these colorimetric tests may serve a useful purpose as an 
aid in determining the identity of stocks, where such information is desirable, 
and also that they may supply additional evidence on the relationship of 
species. It is probable, as Marloth suggests, that the tests may become more re- 
liable when the actual source and cause of the reactions have been determined. 

INTERSTOCKS IN DOUBLE-WORKED TREES 

Within recent years, experiments have been made with deciduous fruit 
crops to gain information on the use of interstocks (intermediate stocks) and 
the influence they exert. Thus far, however, little attention has been given to 
the use of interstocks in citrus culture, and apparently no resnlts from care- 
fully planned experiments have been recorded. Occasionally, in every citrus 
section, the trees in an orchard, or a few trees, are top-worked to a different 
variety of citrus, and the information now available on the problem of inter- 
stocks is almost entirely limited to observations on such trees. Old trees that 
have established large root sy.stems probably require a fairly long time to show 
the influence of the new combination, and the reactions shown by such trees 
may be expected to differ more or less from those sho^vn by interstock trees of 
the same combination propagated in the nursery. 

^ For details with reference to the preparation and use of these reagents ( Almdn solution, 
ammonium molybdate, titanous chloride, and ferric chloride) consult Halma and Haas 
(1929o). For each of these tests the bark extract is preiiared as described above. 



TABLE 10 

Color Bractions of Babe Samples of Citrus Species with Eoub Beaqents 
(Initials in parentheses indicate the authority) * 
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In top-worked trees the interstock comprises the entire trnnli between the 
bud union with the rootstock and the crown limbs. If the use of interstocks 
were to become common, the length of the intermediate stock would be an 
important factor, for in the purposeful propagation of interstock nursery 
trees the tendency would be to shorten the length of the trunk stock, and this 
might have a marked influence. 

Interstocks are generally used for one or more of the following reasons : 
(1) the prevention or reduction of the injurious effect of a bad union between 
a stock and a scion which are not congenial, but which, for some reason, it may 
seem important to use; (2) the prevention of injury from some dangerous 
trunk disease, through the use of a resistant interstock trunk; or (3) the 
improvement, in tree growth or in fruit quality or yield, of some character 
which the interstock is supposed to influence. That some of these effects can be 
produced in citrus by an interstoek seems to have been demonstrated, but the 
data available are as yet too meager to permit very definite conclusions. 

Reducing the injurious effect of uncongenial unions. — There is evidence to 
indicate that the early decline of lemon trees on sour orange stocks, which so 
commonly occurs in California, may be avoided in some degree — perhaps al- 
most altogether — ^by the use of an intermediate trunk of sweet orange or 
grapefruit. 

Mertz' has described two groves in Orange County, California, in which 
navel oranges on sour orange stocks had been top-worked to lemon. These 
trees, in mature bearing age, were much more vigorous than a number of 
interset replacements made with standard trees of lemon worked directly on 
sour. The trees with the navel orange “sandwiches” (interstocks) kept their 
green color much better than the interset lemon trees with lemon trunks (no 
interstocks). This may have been due, at least in part, to the absence of shell- 
bark disease on the resistant sweet ortmge trunks, as this disease was very 
pronounced on the older trees with lemon trunks. In 1941, when the roots of 
the “sandwich” trees were forty-five to fifty years old, and the lemon tops 
twenty-six years old, Mertz states that “they were still in more vigorous shape 
than any surrounding lemon groves with conventional lemon trunks.” 

Mr. Mertz also describes a very poor grove of Thomson Navel oranges on 
sour stocks, planted about 1912 on light sandy soil at Upland, California. 
About 1924 this worthless five-acre grove was top-worked to Eureka lemon. 
An adjacent five-acre grove of Eureka on sour orange rootstocks, with the 
usual lemon trunks, and under the same management, provided a good com- 
parison. For the past ten years ( 1933-1943) this check grove has shown serious 
decline, whereas the block with the sandwich trunks of Thomson Navel is 
vigorous, uniformly green, and thick-foliaged. 

In order to avoid the danger of gummosis in the heavy soils of Orange 
County, California, Mertz states that in some groves under his charge he used 
for replants nursery trees on sour orange stocks budded to Valencia orange 
and then top-worked (in the nursery) about 30 inches high to lemon. After an 

^ W. M. Mertz; letter of March 1, 1943, to H. J. Webber. Mr. Mertz was for many years 
a member of the staff of the University of California Citrus Experiment Station. 
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examination of these trees in 1941, eighteen years after planting, Mertz (in his 
letter of March 1, 1943) summarizes the results thus : “The check-up showed 
a vastly increased vigor as compared with normal lemon trees on sour stocks 
planted one year earlier. In fact they were much more vigorous than even the 
best old trees on sweet orange rootstocks. In the sandwich [interstock] trees 
both unions were very smooth and the tops showed no evidence of decline. 
Thus, so far as I have observed, the use of sandwich lemon trees gives great 
promise as a means of retaining the sour orange as a rootstock to employ on 
heavy soils for lemons.” 

According to Mertz, a small grove near Upland, California, which was 
planted about forty years ago to tangerines on sour stocks and top-worked 
some twelve years ago to lemon, has made very satisfactory growth and has 
given good yields. 

Another illustration of the influence of a sweet orange interstock on Eureka 
lemon tops is described by A. D. Shamel,^ of the U. S. Department of Agri- 
culture. In a citrus ranch at Corona, California, certain blocks were planted 
in 1903, some with nursery trees of Washington Navel orange on sweet orange 
stocks and others with nursery trees of Eureka lemon on sweet orange stocks. 
Two or three years later two blocks of the Washington Navel trees were top- 
worked to Eureka lemon ; these trees thus had intei-stock trunks two to three 
feet long of Washington Navel. 

Shamel has followed the development of these two types of trees since 1909, 
and during one five-year period he kept careful performance records on com- 
pai'able lots of trees of both types. In general, the trees with Washington 
Navel interstocks remained slightly smaller than the others, and the yield 
throughout the first fifteen to twenty years was slightly less. There was no 
observable difference in the commercial quality of the two lots of fruit during 
the period of special study. In recent years the trees with navel interstocks 
have given rather better yields than the others, but the most conspicuous 
difference between the two lots has been the resistance of the navel interstock 
trees as contrasted with the decline of the lemon trees. In the blocks of Eurekas 
budded directly on the sweet rootstocks a rather large acreage has been re- 
planted because of the decline of the trees, but none of the interstock trees 
have been replaced. 

Shamel wrote : “I believe that the top-worked trees with the Washington 
Navel ‘sandwiches’ under our observation, are now the better trees, both from 
the standpoint of vegetative vigor and fruiting. It is certain that the rebudded 
trees [top-worked] have not shown the striking evidence of lemon decline 
which has been conspicuous in the comparable nursery-grown trees [not 
top-worked] .” 

Two top-worked groves in the Santa Paula section of California have been 
kept under observation by Jensen.” These groves, one Yalencias and the other 
Washington Navels, both on sour orange stocks, were top-worked to Eureka 
lemon, and both are reported as fairly successful, producing orchards. 

Letter of May 1, 1943, to H. J. Webber. 

“ C. A. Jensen, Manager, Linioneira Company, Santa Paula, California; letter of March 
5, 1944, to H.J. Webber. 
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Lombarcr lias described a Washingtoii Navel orange grove budded on sonr 
orange stocks at the Rancho Sespe, Fillmore, California. This grove was 
planted in 1928, and in 1933 was top-worked to Eureka lemon. The trees, ten 
years after top-working, are in excellent condition. 

Of interstoek trees on the Leffingwell Ranch, Whittier, California, McBeth^ 
states ; “We have several acres of trees on our property, some lemon and some 
Valencia, which contain orange or grapefruit sandwiches; however, these 
trees are all on sweet root. I have obseri'ed these trees for many years, and I 
am not able to say that the sandwich has been either detrimental or beneficial 
so far as the vigor of the tree or productiveness is concerned.” Here, since the 
sweet rootstock is known to be fully congenial with the scion, as well as with 
the interstock varieties, no detrimental influences would be expected, but 
rather perhaps some benefit in the lemon tops because of having interstocks 
resistant to shell hark. 

Many other groves in which interstocks of sweet orange or grapefruit have 
been used to insure a better congeniality between the sour stock and the lemon 
top have been reported to the writer ; but, although the results are considered 
satisfactory, the trees are as yet too young to supply reliable evidence. It may 
be concluded, however, that where it seems desirable to choose sour orange 
stocks for a lemon planting the use of an interstock trunk of sweet orange 
or grapefruit would probably be desirable. 

It is well known that the sour orange is not a satisfactory stock for the Sat- 
suma, the trees very commonly dying at an early age. However, Robinson® 
wrote : “I saw some well frxiited old Satsuma orange trees near Interlachen, 
Florida, which were grown on the sour orajige rootstock, but had a sandwich 
of sweet orange wood. They were reported to have been satisfactory bearers 
for many years.” 

In experiments in Java, in an attempt to prevent the early decline and 
death of sweet orange trees, Toxopeus (1936) used the Japanese citron (a 
hybrid?) as an interstock. This stock, which is congenial to both the sweet 
and the sour orange, was found to have no effect in delaying or preventing the 
decline, however. Trials of all possible combinations of the three varieties or 
species were made, and it was found that the trees die only when the scion is 
sweet orange and the interstock or rootstock is sour orange (see p. 101) . 

Where the relationship between two species is so distant that a direct union 
between them fails, the use of a mutually more congenial interstock may serve 
to promote growth. Swingle,' in experiments with the wampee {Claiisena 
Lansium), found that Rough lemon buds on this stock grew readily for twelve 
to fifteen years, even though the union was not particularly good. Grapefruit 
buds, on the other hand, failed to grow on wampee stock, except with Rough 

’ T. A. Lombard, Assistant Manager, Bancho Sespe, Fillmore, California; letter of 
March 11, 1943, to H. .T. Webber. 

“ I. G. MeBeth, The Leffingwell Company, Whittier, California; letter of March 18, 1943, 
to H. .1. Webber. 

“ T. B. Bobinson, Senior Physiologist, tJ. S. Department of Agriculture ; letter of March 
8, 1943, to H. J. Webber. 

‘ Dr. W. T. Swingle, of the U. S. Department of Agriculture ; conversation with the writer. 
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lemon as an interstoek. Though the grapefruit tops in such a combination 
remained small and dwarfed, the trees grew and fruited for many years. To 
achieve this development of the trees, it was found necessary to let sprouts 
of the wampee grow from the stock (see p. 72). These sprouts were kept 
small, however, for if they are allowed to grow too large the grapefruit top 
suffers and ultimately loses nearly all its leaves. 

Prevention of trunk diseases hy use of resistant interstocks. — The lemon 
disease known as “shell bark,” or “decortieosis,” which causes serious damage 
on many old lemon trees in California, is principally limited to the trunks and 
main branches. It is probable that the use of an interstoek trunk of a resistant 
variety such as sw'eet orange or grapefruit would effectively prevent the in- 
jury caused by this disease. Mertz, in a case described above (p. 154), at- 
tributes a part of the benefit derived from the sweet orange interstoek to its 
freedom from shell bark. 

Influence of interstoek on fruit quality and yield. — According to Robinson 
(1934, p. 112) , tangelos grown directly on Rough lemon stocks tend to produce 
fruits which become puffy and coarse soon after reaching maturity. However, 
where grapefruit or orange trees on Rough lemon stocks are top-worked with 
tangelos there is no such marked influence and the results are generally good. 

Robinson has also stated : “There has been a good deal of top-working in 
Florida, particularly of seedy grapefruit varieties to Temple oranges or to 
tangelos and the result has generally been very satisfactory. In most cases 
these grapefruit trees were originally budded on Rough lemon rootstocks. 
The Temple orange [a tangor], and the tangelos as a class are not a success 
when propagated on the Rough lemon rootstock, producing a large percentage 
of coarse semi-dry, pithy fruit. When the same rootstock is used for these 
varieties but with a sandwich of gi-apefruit or sweet orange the resulting 
crop does not suffer the defects referred to.” 

DOUBTFUL OB UNSATISFACTOBY INTEBSTOCKS 

Once, when lemon growing in California became unprofitable for a time, 
a rather large number of lemon gx-oves were top-worked to orange varieties. 
The Avriter made observations in one such grove in the San Gabriel Valley 
section of southern California. This grove wms originally composed of blocks 
of Eureka and Lisbon lemon on sour orange stocks, but the trees in each block 
had been top-worked, some to navel orange and others to Valencia orange. 
About fifteen years after the top-working, when the trees were examined by 
the writer, the Washington Navels with Eureka lemon trunks (interstocks) 
were all rather poor trees, and those with Lisbon lemon trunks, although dis- 
tinctly better, xvere not satisfactox'y, good trees. The Valencias with Eureka 
lemon trunks were somewhat better than the navels of the same combination, 
and the Valencias with the Lisbon lemon trunks were fairly good trees, ap- 
parently nearly normal, or as good as would be expected if the Valencia had 
been budded directly on the sour stock. 

A grove in the Tulare County section, composed of Eureka lemon on sour 
orange stocks top-worked to Washington Navel, was also studied by the writer 
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when the tops were approximately eighteen years old. This grove had never 
been fully satisfactory after the top-working, and the trees, when examined, 
were variable and mainly in poor condition. Trees of this combination — sour 
stock. Eureka lemon interstoek, and Washington Navel top — ^have also been 
examined in several other locations, and none has been observed to be in fully 
satisfactory condition after a period of ten to fifteen years following the top- 
working. Dr. H. S. Fawcett, Plant Pathologist at the California Citrus Ex- 
periment Station, has told the writer of a navel grove of this combination 
which, though in poor condition when examined, was reported by the owner 
to have been a good producing grove. John C. Perry, of Highland, California, 
a very keen observer, writes “The performance of lemon interstocks is too 
well known to require my comment. The navel orange tops are dwarfed, bear 
well while young, but when the lemon bark becomes affected with decortieosis 
[shell-bark disease] , as it almost surely does sooner or later, the double handi- 
cap severely weakens the foliage. We have pulled out many such trees and 
replanted.” And D. S. Bell,° a highly successful grower, of Eiverside, Cali- 
fornia, has informed the writer that he has under his supervision and observa- 
tion several groves of Thomson Navel orange on sour orange stocks with 
lemon interstocks. The trees grow slowly and are hardly larger than they were 
twenty-five years ago, but “they continually and regularly bear a good crop 
of fruit.” While the evidence is contradictory, it is the writer’s conclusion that 
this combination in top-working (that is, sour rootstock, with lemon interstoek 
and sweet orange tops) is likely to prove unsatisfactory, especially when the 
interstoek is Eureka lemon. 

SUCCESSFUL INTBESTOCE COMBINATIONS 

An old top-worked grove of the combination sour orange stock, Mediter- 
ranean Sweet orange interstoek, and Washington Navel top, studied at one 
time by the writer, was graded as being in good condition and satisfactory. In 
this combination the interstoek, as well as- the top, was of sweet orange, and as 
sweet orange is commonly successful on sour orange stocks, the combination 
probably cpuld be expected to prove successful. This is confirmed by Perry,* 
who states that the sweet orange varieties Mediterranean Sweet, and St. 
Michael, used as interstocks, seem to cause no variation in the performance of 
navel orange tops. Perry also states that grapefruit interstocks apparently 
produce normal tops, but that the grapefruit part of the trunk usually grows 
larger than either the rootstock or the scion at the bud unions. 

In concluding this very inadequate discussion of interstocks the writer 
wishes to state again that the evidence available is too meager to justify 
definite conclusions. Attention should be directed to the condition introduced 
by the rapidly expanding knowledge of virus diseases and their common 
spread bj’’ budding propagation. The employment of interstocks increases 
the possibility of infection with such diseases. 

^ Letter of March 4, 1943, to H. J. Webber. 

“ Letter of March 3, 1943, to H. .1. Webber. 

“ J, C. Perry; letter of March 4, 1943, to H. .1. Webber. 
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RECOVERY OF TREES ON UNSATISFACTORY ROOTSTOCKS 

Sometimes after an orchard is planted it is fonnd that certain trees have 
been propagated on uncongenial or unsatisfactory stocks. When such trees 
begin to decline or “go back,” it -would seem that they could be recovered by 
inarching,^ into the scion above the bud, seedlings of some good stock type 
planted at the base of the original tree. This method is frequently used -with 
fair success to save trees that have been girdled or severely injured by rodents 
or by such diseases as foot rot or collar rot. However, when the decline or 
failure of trees is apparently due to propagation on unsatisfactory stocks the 
matter is complicated and recovery does not always follow inarching with 
good stocks. 

One of the most successful experiments of this kind that has been recorded 
was carried out by the Imperial Horticultural Experiment Station, Okitsu, 
Japan (1925). In this experiment, 112 Thomson Navel orange trees which 
had been grafted onto trifoliate orange stocks in 1910 remained much dwarfed 
and after several years began to decline. In 1917, when the trees were seven 
years old, 96 of them were inarched with seedling rootstocks of several citrus 
varieties, namely, yuzu orange, sweet orange, sour oraiige, Japanese Summer 
orange (C. Aurantium Linn, subsp. intermedia Tanaka), and trifoliate 
orange. In 1925, eight years after the inarching, the results obtained by the use 
of the different rootstocks were reported. The summary of the results is worth 
repeating in full : 

1. Trees inarched with Tuzu orange show the best results ; they have grown in spreading 
habit quite vigorously with compact shoots and their fruits are superior in quality. 

2. Sweet orange stocks gave the best results next to Tuzu, but their characteristics in 
detail have not appeared till now. 

3. Trees inarched with sour orange or Japanese summer orange show in general a very 
lively growth, but their yields are poor and fruits of inferior quality. 

4. Trifoliate orange is unfit as the inarching stock for the purpose of recovering a decadent 
Thomson Navel orange tree; it stimulates the tree a little for about two or three years after 
inarching, and after that the influences will fade down. 

5. From the results of this experiment and other observations, it can be expected that Tuzu 
orange would be the most suitable nursery stock for Thomson Navel orange and also for 
other slow-growing oranges. [See fig. 69.] 

Halma (1932, 1938) has described experiments in attempting to improve 
decadent or declined Eureka lemon trees, supposedly affected bjr uncongenial 
sour orange stocks, bj’- inarching them -with different rootstocks. The seedling 
stocks used for inarching different trees included sweet orange, sour orange, 
grapefruit, pummelo. Rough lemon, mandarin orange, and trifoliate orange. 
Three seedlings of the same rootstock were used on each tree, and both good 
and bad trees were treated for comparison. At the end of six years after the 
treatment no material improvement in the condition of the trees could be 
observed ; the bad trees still remained bad, and the good trees still remained 
good. It was then concluded that the decline was possibly due to the use of 

’ Mothotls of inarching arc described in chap, i, p. 44. 
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buds of weak, poor strains in propagating the decadent trees. To test this, good 
stocks were chosen and budded, some with scions cut from the typical declined 
trees and others with scions from the good trees. These young trees soon ex- 
hibited marked differences in their growth : those propagated from buds taken 
from the declined trees grew slowly and lacked vigor, while those propagated 
from the good trees grew much more rapidly and were more vigorous and 
healthy in appearance. Halma concluded that the decline was due, not to the 
rootstock, but to the use of budwood from poor strains lacking vigor, and thus 
could not be greatly improved by changing the stock. It should be noted also 
that Halma tested some of these trees by girdling them and thus killing the 




Fig. 69. Inarched Thomson Navel orange trees. Piagram representing com- 
parative average size and shape of trees, size of fruits, and number of fruits 
(for a three-year period) eight years after inarching: 1, check trees on trifoli- 
ate orange stock, not inarched; 2, inarehed with trifoliate orange; 3, inarched 
with yuzu orange ; i, inarched with sweet orange; 5, inarched with sour orange ; 
6, inarched with Japanese Summer orange. (Beproduced from Imperial Horti- 
cultural Experiment Station, Okitsu, Japan, Ees. Bull. 4, fig. 1, p. 28.) 


original stocks after the inarches were well established, but this additional 
treatment had no material effect on the recovery of the trfees so treated. 

In the writer’s experiments (unpublished) a similar but very different case 
has been studied. Some buds of a carefully chosen superior type of the Wash- 
ington Navel orange were budded to good sour orange stocks and grew into 
good normal trees. Others of the same lot of buds taken from the same tree 
were propagated on seedlings of variant types of the sour orange ; these buds 
produced trees dwarfed in size, usually markedly so, and sickly in appearance 
(Webber, 1932e) . A number of these dwarfed trees were inarched, when about 
ten years old, with sour orange seedlings of good rootstock types, but none of 
them have shown clear evidence of recovery after eight years although most of 
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them are stiU living. It might be assumed that, in this case, the variant sour 
orange stock carried some disease •which •was transmitted to the scion and 
caused its continued d^warfish diseased gro^n^th, even after the inarching -with 
the good stocks. To test this possible cause, buds were cut from the tops of a 
number of the dwarfed trees and ten of each were inserted and grown on 
known good sour orange stocks. Over a period of two years all these budlings 
showed entirely normal, vigorous, and healthy growth, indicating that no 
disease had been communicated to them. This suggests that some substance, 
perhaps a growth-controlling hormone, is produced in the variant rootstocks 
and continues to affect the scions even after they are inarched with good stocks. 
The next step in the experiment is thus to cut out the old variant stocks and 
leave the tops supported only hy the good inarched stocks ; but this has not 
yet been done. 

Moreira (1938(7, 1938b), in Brazil, found that the Barao sweet orange (La- 
I’anja Barao) grafted onto sweet lime (Lima da Persia) planted in 1930, gave 
very poor results : 56.9 per cent of the trees died within four years, though 
the symptoms of dieback, j'^ellow leaves, and, small, very acid fruits did not 
appear during the first three years. He stated that trees nearly dead were 
completely revived and returned to original vigor by inarching with seedling 
trees of sour orange (Citrus Aurantimn) and thus bridging over the inhibit- 
ing effects of the original stock. 

The rejuvenation or recovery, by inarching, of orchard trees supposed to be 
unsatisfactory or in decline because of uncongenial rootstocks is complicated 
and little uncierstood. Usually, the cost of working over such trees is likely to 
be nearly as great as that of planting new trees. In view of the doubt that is 
likely to exist, it would seem wise to dig out the old trees and plant young 
trees of known good character. 

The top-working of orchard trees that have inadvertently beeir propagated 
from unproductive or variable strains of standai’d varieties of oranges, lemons, 
or grapefruits, but that are known to be on good stocks, is a different problem. 
Where a block of trees is found to be misatisfactory because of the type of 
fruit produced, botli the stocks and the scions may usually be considered as 
healthy and normal in vigor, and change of variety by top-working is likely 
to prove satisfactory. However, where occasional trees become unproductive 
and begin to decline, only extended experiments will determine whether the 
difSculty is in the rootstock or in the scion, or both, and the best thing to do 
is to destroy such trees and plant good trees in their places. 
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Chapter III 

CHOICE OF ROOTSTOCKS 


BY 

LEON D. BATCHELOR and MARVIN B. BOUNDS 

I N THE PRECEDING chapter the characters and reactions of citrus rootstocks 
under varying conditions have been discussed in some detail. Data have 
also been given about the rootstocks now used in the most important citrus- 
producing sections of the world. The purpose of the present chapter is (1) to 
emphasize the importance of careful selection of rootstocks for different citrus 
varieties; (2) to direct attention to the difficulties commonly encountered in 
choosing desirable rootstocks, and the need of considering the results of care- 
fully planned experiments, as weU as the findings of practical local experience ; 
and (3) to report the results of certain rootstock experiments conducted by 
the California Citrus Experiment Station. 

THE IMPORTANCE OP CHOOSING SUITABLE ROOTSTOCKS 
As has been pointed out in chapter ii, it is probably just as important to use, 
carefully selected, superior stocks as it is to use selected, superior fruit varie- 
ties. The selection of improved fruit varieties has been in progress for cen- 
turies, but the choice of the best stocks cannot be considered as having received 
due attention prior to about a century ago. Although propagation by budding 
and grafting was understood centuries earlier, it was generally considered 
a curious phenomenon, and most commercial trees throughout the world were 
grown as seedlings. 

It seems evident that the general use of grafted and budded citrus trees 
first became the accepted commercial policy primarily as a result of the spread 
of the foot-rot or gummosis disease in the mid-nineteenth century (from about 
1832 to 1860) . It was discovered in Europe that the sour orange was resistant 
to the disease and could be employed successfully as a rootstock for susceptible 
citrus varieties. Since then, much attention has been given to choice of the best 
rootstocks for the different varieties; but, for the most part, dependence has 
been placed on the results obtained in a given place with one stock, or with 
only two or three others for comparison. If a rootstock gave commercially 
successful results, it was generally considered satisfactory. The greater part 
of the evidence available in any locality, with reference to successful stocks, 
is based on the experience of orchardists, and often this is perhaps the most 
reliable information obtainable. It should be recognized, however, that such 
local experiences are sometimes inadequate, as they do not include trials with a 
sufficient number of different stocks to supply valid comparisons. This is the 
condition under which the industry is operating in practically every citrus- 
growing region. 

As competition increases, and as populations extend and areas of produc- 
tion become more restricted, it will become increasingly necessary to use every 

[ 169 ] 
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known means of insuring the greatest production at the least possible cost. It 
is certain that one of the most important factors in production is the use of the 
best available rootstocks. 

ROOTSTOCKS COMMONLY USED IN THE PAST 

The rootstocks used in the different citrus-growing regions exhibit a wide 
range of diversity. Since the discovery of the resistance of the sour orange 
{Citrus Aurantium) to attacks of the dreaded gummosis disease, that species 
has been used as a rootstock in mo.st of the Mediterranean countries of Europe. 
Prom the mid-nineteenth century to the present time (1946), it has been the 
dominant rootstock, or almost the only stock, employed for varieties of the 
sweet orange and of the lemon in the great citrus-producing sections of Italy 
and Spain. The .discovery in Sicily, about 1923 (see Fawcett, 1936), of the 
serious mal secco disease, to which the sour orange is particularly susceptible, 
should discourage the use of this stock in areas where mal secco is found. 
No stock resistant to both mal secco and gummosis has yet been developed. 

In the early period of citrus development in both Florida and California, 
sweet orange seedlings were the most commonly used rootstocks. In the decade 
between 1870 and 1880, the extension of commercial orange-growing in Florida 
led to the top-working of large areas of sour orange groves growing wild in 
that state. (See Vol. I, pp. 28-31.) The success of these top-worked groves, 
which were all on comparatively low, rich hammock lands, directed attention 
to the sour orange as a successful stock for sweet orange varieties. Later, when 
gummosis became prevalent in sweet orange seedling orchards and the resist- 
ance of the sour orange urns learned through the experience of growers in 
Mediterranean countries, the sour orange was adopted generally as the prin- 
cipal rootstock. For some time it was widely used in the propagation of the 
sweet orange, mandarin orange, grapefruit, and lemon. Later experience 
in Florida indicated that the sour orange w’as not satisfactory on the light 
sandy soils of certain of the high pine lands, or in the shallow soils of the 
southeastern coastal section, and it was largely superseded in these sections 
by the Rough lemon stock. 

The Cleopatra mandarin, the grapefruit, and the trifoliate orange have 
also been used to some extent as rootstocks in Florida, but, though favored by 
some growlers, they are not very generally employed. 

In California, when budded trees were first employed instead of seedling 
trees, sweet orange seedlings were commonly used as rootstocks. Between 1890 
and 1900, however, the sour orange to some degree superseded the sweet 
orange as a rootstock. After that time, for possibly tw'o decades, many of the 
orchards planted were on sour orange stocks. Since 1920 the tendency has 
been somewhat away from the sour orange and toward the sweet orange as a 
rootstock for lemons and, to a degree, for oranges. The sour orange rootstock 
continues in general use for grapefruit orchards, however. 

In South Africa, when the culture of seedlings w^as discontinued because 
of extensive damage by foot rot, the sour orange was used extensively as a 
stock. It proved entirely un.satisfactory (see p, 119) and w'as superseded 
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by the Rough lemon, which remains almost the only rootstock used in that 
country (Webber, 1925 ; Powell, 1930 ; Marloth, 1938). 

In Australia, also, the Rough lemon is perhaps the most generally used 
rootstock, though sour, sweet, and trifoliate orange are also employed. In 
Palestine tlie rootstock most commonly used is the Palestine sweet lime, but 
because troublesome diseases attack it, growers seem inclined to favor sour 
orange or some other stock. In Japan, where the Satsuma is the principal 
orange grown commercially, the stock usually employed is the trifoliate or- 
ange, though the yuzu orange and certain other types are also used. In all 
countries various other stocks are used more or less, but in this limited discus- 
sion only those most commonly employed throughout the world in commercial 
citrus propagation are indicated. (For more detailed data see chap, ii.) 

It should be noted that with Rough lemon, Palestine sweet lime, Cleopatra 
mandarin, or jnizu orange as a rootstock a definite variety is concerned, which 
is likely to give similar reactions wherever used. When sweet orange, sour 
orange, or grapefi-uit are named as the rootstock, however, there is no indica- 
tion of the type or variety used. There are many and widely different types 
of each of these species, which are certainly of different genetic constitution 
and would probably give different reactions. In general, however, if seed for 
rootstock is taken from normal, vigorous trees of the species of sweet orange, 
sour orange, or grapefruit, the reactions of stock and scion in different com- 
binations and in different locations are likely to be similar. In the rootstock 
investigations of the future, careful attention should be given to the choice 
of superior rootstock strains or varieties of each of these species, which will be 
best adapted to the conditions of the citrus districts where they arc to be grown 
(seep. 174). 

FACTORS INVOLVED IN CHOOSING ROOTSTOCKS 

The influence of the rootstock on the various characters of the scion or fruit 
variety is discussed rather fully in the preceding chapter and need not be 
repeated here. In the choice of a rootstock for any citrus vaifiety, the most 
important characters to be considered are: (1) yield per tree or, more 
important, per acre ; (2) quality, grade, and size of fruit produced, if affected 
by the rootstock; and (3) the probable length of the productive life of the tree. 

These three important factors indicate the various complex conditions upon 
which the success of the orchard depends. The practical grower cares little 
about his orchard as a show place ; his chief concern is the return per acre 
from the sale of the crop over a long series of years. Thorough congeniality 
of the stock with the scion variety may be desirable in order to achieve the 
best results; but, practically, the stock which produces the hast yields of 
the be.st fruit over the longest period is the best stock to use, whether or not it 
exhibits some slight overgrowth or undergrowth with the scion variety with 
which it is combined. 

Soil adaptability is very important, because, though the principal stocks 
have a wide range of adaptability, each commonlj^ gives superior results only 
on certain soil types, and the stock that is chosen should be known to give 
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the best results on the particular soil to be planted. Sour orange stock usually 
gives good results with most orange varieties in certain districts of Florida, 
on deep, rich, moist soils, but is commonly less successful on light sandy or 
shallow soils. Rough lemon, on the contrary, usually has given better results 
on sandy or gravelly loam soils which are especially well drained. 

Sour orange rootstocks should be avoided in California for use on poorly 
drained soils. Underlying water tables in semiarid regions such as California 
usually contain harmful amounts of salts in solution. The relative amount of 
salt in such water has been generally observed to be several times as much 
as that in irrigation water used on these lands (Thomas, 1936) , possibly even 
twenty times as much, depending on various conditions. In lemon orchards 
in Ventura County the ground water contained five to fifteen times as much 
total soluble salts as the water used for irrigation in the respective orchards. 
At times this ground water is only five to six feet from the surface and is thus 
available to a deep-growing rootstock such as sour orange. Under such condi- 
tions the sweet orange rootstock has proved much superior to the sour orange, 
apparently because the shallow-growing sweet orange takes in less water by 
subirrigation from such a salty water table. The sour orange has been unsatis- 
factory as a rootstock for lemon trees grown on clay loam soils, which are very 
retentive of moisture even though not actually underlain by a water table. 
Deterioration of such orchards has been especially bad in years of abnormally 
heavy rainfall (Jensen, Wilcox, and Foot, 1927) . 

The degree of resistance of a rootstock to a certain root and trunk disease, 
such as gummosis or orange-tree quick decline, may be of great importance. 
The presence of the disease may be a limiting element to successful crop pro- 
duction. 

The influence of rootstocks on resistance of the trees to cold is of minor 
importance in California, because so many of the orchards in cold locations 
are heated during periods of extremely cold weather. The rootstocks do affect 
the hardiness of scions or tops of trees, however (see chap, ii, p. 94). Trees 
growing on sour orange rootstocks are, for example, more hardy than those 
growing on either sweet orange or Rough lemon. This is illustrated by a com- 
parison of the two nine-year-old Marsh grapefruit trees, one on sour orange 
and the other on Rough lemon rootstock, show'n in figure 70. These pictures 
were taken in the California rootstock plots two months after the trees had 
been subjected to a minimum temperature of 17° F. These trees were typical 
of those on the respective rootstoclos after the freeze of January, 1937. In some 
citrus regions tender stocks may be effectively protected by banking with 
earth. This is done when a degree of cold is expected which would probably 
kill the entire tree. Especially tender trees, such as citron, common lime, or 
lemon, should never be planted except in warm or protected locations (see 
chap, iv, p. 224). 

Finding the best possible rootstock for each fruit variety in every location 
is so difficult as almost to defy accomplishment. There are so many fruit 
varieties, each Avith its paz’ticular responses, so many varying conditions of 
soil and climate, so many possible rootstocks available for trial, and the tests 




Fig. 70. Nine-year-old, adjacent Marsh grapefruit trees (above) on Standard sour root- 
, stock and (below) on Bough lemon stock; photographed two months after being subjected 
to a temperature of 17° F., and showing the greater hardiness of the tree on the sour stock. 
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must be continued so long and on so large a scale, if in numbers to assure 
reliability, that the problem is nearly impossible of solution. 

Most of the rootstocks now used in each citrus-growing area have been 
chosen after long years of experience. They do not usually represent a choice 
based on carefully planned comparative experiments; but many changes and 
eliminations have been made, and wide experience in culture is of the highest 
importance. A rootstock, however successful or promising in one area, should 
not be generally adopted in another area until its valile there has been demon- 
strated by experience. A fertilizer formula or a spray method may be changed 
each year, but the rootstock cannot be changed without serious loss. 

The size of the trees produced by a certain stock is, within certain limits, 
of minor importance, as the trees can be planted closer together if the stock 
produces a known degree of dwarfness. On some stocks, trees grow too large 
as old mature trees. 

The importance of comparative experimental tests in the choice of root- 
stocks must be emphasized here. Choice has, in the past, been based on very 
meager evidence with respect to comparative yields of really comparable trees. 
Such data, to be reliable, require careful planning and years of observation. 
Nevertheless, it is on such experimental data, finally acquired in each general 
citrus-growing area, that the choice of stocks must be based. Many small and 
limited experiments have been made in many places, and some of these will be 
outlined here. The authors judge, however, that more will be gained by pre- 
senting a somewhat detailed report on the results of one such experiment 
than by attempting to outline the results of all the experiments. 

THE CALIFORNIA ROOTSTOCK EXPERIMENTS 

Probably the most comprehensive and reliable data at present available on 
rootstock experiments in any area are those provided by experiments con- 
ducted by the California Citrus Experiment Station.^ Little has been pub- 
lished concerning these experiments for fear that early results might be 
misleading — as has sometimes happened. A few preliminary reports have been 
published elsewhere (Webber, 1934a, 1934&, 1935 ; Batchelor and Webber, 
1939 ; Batchelor and Rounds, 1944). 

These experiments, which, for brevity’s sake, are referred to in the text as 
the “California rootstock experiments,” or merely as the “California experi- 
ments,” included approximately 6,500 trees in the first planting. The number 
of trees has been much reduced, however, by discarding from time to time 
such stock varieties as were shown by their performance to be commercially 
worthless. 

Plan of experiments .- — The nursery stock used in these experiments was 
grown especially for the purpose, to assure certainty of the genetic type and 
the age of both stocks and scions. All trees of all combinations received 
the same care and treatment. 

^ The rootstock experiments of the CaUfornia CStrus Experiment Station, disenssed here, 
were organized and conducted by Dr. H. J. Webber from their beginning, in 1922, until 1936, 
when he retired from active service. Since that time they have been under the supervision 
of the senior author of this chapter. 
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The varieties chosen for comparative trial as rootstocks iiiclncled several 
selections each of sweet orange, sour orange, mandarin orange, and grapefruit. 
Since little was known about the performance of the varieties as rootstocks, 
those included in the experiments were chosen mainly on the basis of the vigor 
and apparent healthiness of trees growing in the variety orchards of the Cali- 
fornia Citrus Experiment Station. Several selections, such as the Oroville 
and Bessie sweet oranges and the Duncan grapefruit, were made because of 
the great age and size of the parent seedling trees of the varieties. Several 
varieties of citranges (hybrids of trifoliate orange witli the sweet orange) 
and the Sampson tangelo (hybrid of tangerine with grapefmit) were included 
because of the vigorous growth of the parent trees and the uniformity of their 
seedlings (see chap, ii, pp. 127-132). Other interesting species and varieties 
were also included, such as the Rough lemon, the trifoliate orange, the Cala- 
mondin orange, and certain intragenerie and intergeneric hybrids. (Descrip- 
tions of the varieties tested are, with few exceptions, given in Vol. I, chap, v.) 

The seeds of each stock variety used for the seedling rootstocks were taken 
from a single selected tree of the variety. In many species and varieties of 
citrus, in which a high proportion of the seedlings develop from nucellar 
embryos, it is possible, by eliminating the variants among the seedlings, to 
obtain a progeny which are likely to be genetically identical individuals (see 
chap, ii, pp. 139-148). The seedlings of each stock variety Avcre therefore 
carefully examined before they were budded, and all recognizable variants 
were discarded. It is thus reasonable to assume that the seedlings used were 
fronj nucellar embryos and represented approximately a genetically homo- 
geneous progeny of each stock strain. 

The scion varieties used in the experiments included Valencia and Washing- 
ton Navel oranges. Eureka and Lisbon lemons, Marsh grapefruit, and Owari 
Satsuma. The buds for all trees of any one variety v'ere taken from a single 
selected tree of that variety and were thus all of the same clonal strain. All 
trees of the Valencia orange used on the diifereiit stocks should thus be geneti- 
cally identical, and the same should be true of the Eureka lemon or of any 
other variety used. 

Each scion variety was tested on about thirty-five rootstocks. The tests were 
made in plots of five trees each, and were usually replicated two or three times 
in each orchard. Each variety, on all stocks, was usually grown in two different 
locations in southern California, under different climatic and soil conditions. 
The first field plantings were made in 1927 and were followed by additional 
annual plantings from 1928 to 1931. 

The observations made and the notes taken on these experiments include 
annual yield per tree, size and condition of tree, and sometimes size and grade 
of fruit. Comparative size of tree is fairly well indicated by the area of a cross 
section of the trunk six inches above the bud union. Summaries of these meas- 
urements are used to indicate comparative tree size. Studies have shown that 
with citrus trees a high correlation exists between the area of trunk cross sec- 
tion and the top volume of the tree, the coefficient of correlation ranging from 
+ 0.817 ± 0.013 to + 0.923 ± 0.006 (Webber, 19326,.p. 46). 
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TABLE 11 

Etpect op Eootstock on Size and Yield op Valencia Oranrp. Trees, 
Eivehside and Tustin, Calipoenia 


Orchards planted in 1927 


l 

Sootstock species _ 1 

and variety 

lliveraide 

Tustin 

Num- 
ber of 

Av^age 
siseof 
trees^ 
in 1939 
(sq. cm.) 

Av'erago annual 
yield per tree . 

(pounds) 

j 

Num- 
ber of| 
tTees“j 

i 

Average 
size of 1 
trees* 
in 1939 
(sq. cm.) 

Average annual 
yield per tree 
(pounds) 

1 

1 

, trees*' 

1 

j 

! 1931- 
1935 

1936- 

1940 

1 

1931- 

1940 

1931- ! 
1935 ! 

1936- ! 
1040 

1931- 

1940 

Sweet orange: 











Koethen 

10 

25S 

106 

213 

159 

10 

i 315 

187 { 

231 1 

209 

C.B.S. seedling 362 

10 

247 


191 

142 

10 

275 

; 169 1 

204 

186 

Average 


253 

100 

202 

151 


205 

178 

217 

107 

Sour orange: 











African 

10 

209 

84 

167 

125 

to 

258 

145 

215 

180 

Bruaitiun 

1& 1 

1 197 

1 100 

184 

142 

34 

242 

160 

236 

108 

llubidoux ' 

20 1 

1 209 

1 97 

200 

148 

15 

268 

158 

246 j 

202 

Average 

i 

205 

95 

187 

141 


251 

157 

235 

196 

Mandarin: 







1 




Cleopatra . 

IS 

243 

87 

177 

; 132 

15 1 

262 

140 

197 

168 

Cirapofruit: 











C.IS.S. scetlling 343 

10 

174 

02 

151 

106 

10 

230 

151 

197 

174 

Duncan . 

10 

241 

73 

143 

IDS 

5 

201 

130 

185 

162 

Average* 


207 

»7 

147 

107 


245 

145 

191 

168 

Shaddock: 




1 







Siamese 

10 

; \H7 

55 

140 

97 

5 

250 

151 

234 

102 

Bough lemon i . . . . 

15 

234 

103 , 

173 , 

136 

15 1 

242 , 

194 1 

m 

193 

SainiiMon tangolo 

1 

280 

98 

164 

141 1 

10 

236 1 

1 

132 

194 

163 


Orchards planted in 1928 


Rootstock species 
and variety 

Riverside 

. _ 1 

Tustin 

Num- 
ber of 
trees* 

Average 
size of 
trees ^ 
in 1939 
(sq. cm.) 

Av'croi^ annual 
yield per tree ' 

(pounds) 

„ . i 

1 

Num-i 
ber of 
trees* 

1 

Average 
size of 
trees* 
in 1939 
(sq. cm.) 

Average annual 
j'ield per tree 
(pounds) 

1 

1932- 

1936 

1 

1937- 

1941 

1932- 
1941 ' 

1932- 

1936 

1 

1937- 

1940 

1932- 

1940 

Sweet orange: 











Humosossa | 

9 ' 

291 

104 

218 

161 

10 

303 

219 1 

268 

241 

Sour orange: ! 











Standard 

14 

203 

92 

190 ! 

141 

10 

222 

158 

212 

182 

Mandarin : 











Clementine 

10 

213 

97 

192 

144 

10 

257 

170 

246 

204 

Cleopatra 

10 

221 

85 

182 

133 

5 ' 

235 

112 

207 

154 

Dano' 

10 

214 

100 

172 1 

136 

10 

244 

157 

242 

195 

Average 


210 

94 

182 

138 


247 

153 

237 

190 

Citrange: 











Cunningham 

10 

120 

75 

132 

103 

14 

110 

109 

90 

101 

Savage 

12 

167 

70 

99 

84 

8 

139 

143 

178 

1S9 

Average 


146 

72 

114 

93 


120 

121 

122 

122 

Trifoliate orange 

15 

100 

\ 82 

222 

152 

10 

126 

129 

179 1 

151 

Sliaddock X St. Michael, hybrid . 

! 13 

198 

i 94 

210 

152 

12 

224 

178 

240 

1 

206 
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TABLE 11 — (Continued) 

Eptbot op Kootstock on Size and Yield op Valencia Orange Trees, 
Eiversidb and Tustin, California 


Orcliards planted in 1D29 


Rootstock species 
and variety 

Riverside 

Tustin 

Num- 
ber of 
trees'* 

Average 
sise of 
trees ^ 
in 1940 
(sq. cm.) 

Average annual 
yield per tree 
(pounds) 

Num- 
ber of 

Average 
size of 
trees ^ 
in 1040 
(sq. cm.) 

Average annual 
yield per tree 
(pounds) 

1933- 

1937 

1938- 

1942 

1933- 

1642 


1933- 

1937 

1038- 

1940 

1933- 

1940 

Oroville sweet 

10 

288 

84 

176 

mm 

14 

266 


217 

203 

Sampson tanselo 

10 

331 

111 

180 

150 1 

10 

320 


250 

214 

Trifoliate orange 

10 

174 

84 

211 

147 

15 

130 

la 

155 

136 

Sweet lemon: 











Millsweet 

s 

196 

67 

122 

94 

14 

161 

148 

147 

148 


• At the end of the experiment. 

b Comparative tree eize indicated by area of cross section of trunk six inches above bud union. 


ROOTSTOCKS FOR VALENCIA ORANGE 

The California rootstock experiments with Valencia orange, which are sum- 
marized here, were conducted in orchards that were approximately duplicates, 
one at Riverside, on Ramona loam soil, and the other at Tustin,^ on soil classi- 
fied as Yolo clay loam. 

Average size and yield of trees on different rootstocks . — In table 11 the 
records of average tree size, as indicated by area of cross section of trunk, 
expressed in square centimeters, and the average annual yields are tabulated 
for the two experimental orchards. The yield records extend over a ten-year 
period, except for the two plantings at Tustin in 1928 and 1929, for which 
records for only nine and eight years, respectively, were available. It is evi- 
dent from the data that the size of the trees and thus the bearing area of the 
tops were affected by the rootstocks. 

The trees on sweet orange rootstocks (fig. 71) averaged approximately 25 
to 30 per cent larger than those on sour orange rootstocks (fig. 72) ; the trees^ 
on mandarin orange roots were intermediate between those on sweet and sour 
orange, but are nearly as large as the sweet-stock trees at twenty years of age. 
Although the trees on grapefruit rootstocks were extremely variable, they 
averaged about the size of those on sour orange rootstock. The Sampson 
tangelo rootstock (see fig. 73) produced notably larger trees than the sweet 
orange, in three comparisons out of four. Valencia trees on trifoliate orange 
rootstock were approximately 60 per cent as large as those of the same variety 
on sweet orange rootstock, in the Rivereide orchard (compare figs. 71 and 74). 
In the sandy loam soil at Riverside,. the trifoliate rootstocks made a better 
relative growth than in the clay loam soil at Tustin. Although the Rough 

* These localities differ considerably in their climatic conditions. (Roe Vol. I, on the 
coastal section, p. 73, and the interior valley section, p. 77.) 
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Fig. 73. Seventcen-year-old Valencia orange tree on Sampson tangelo rootstock in 
experimental plots at the Citrus Experiment Station, Eiverside, California. 
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lemon rootstock made a rapid-growing nursery tree, and a young orchard 
tree that was above average size, this superior growth characteristic was not 
sustained after a few years in the experimental orchards (see measurements 
recorded in table 11, pp. 176-177) . 

While the production of fruit on the Valencia trees on Rough lemon root- 
stock at Tustin averaged practically tlie same as that of the trees on sweet 
orange rootstock, the tops on Rough lemon stock were considerably smaller 
(compare figs. 75 and 76) . 

The extreme range in tree sizes caused by the rootstocks was less with 
Valencia orange than with either lemons or grapefruit (see p. 177) . With the 
Marsh grapefruit, for example, the size ratio of the trees on sweet orange 
rootstock to those on trifoliate was 100:26, whereas the same comparison for 
Valencia orange was 100:55. The citrange rootstocks, however, dwarfed the 
V alencia orange slightly more than they did the Marsh grapefruit. Both times, 
the citrange rootstocks appeared to be better adapted to the loam soil at River- 
side than to the clay soil at Tustin, as the trees were less dwarfed at Riverside. 
The size ratio of the Valencia orange trees on sweet orange stock to those on 
Cunningham citrange at Riverside was 100:41, and at Tustin, 100:36; the 
ratios to trees on Savage citrange in these same locations were 100:57 and 
100:46, respectively. The general appearance of the Valencia trees on the 
citrange rootstocks was subnormal ; the leaves were small and more mottled, 
and the density of the foliage was much less than on trees on sweet, sour, or 
trifoliate stocks. 

It seems doubtful from these experiments whether the Cunningham or 
Savage citranges are sufficiently compatible with the Valencia orange to be 
worth even limited commercial trial ; the possibility is not excluded, however, 
that otlier citranges may prove satisfaetoi-y. The same situation exists with 
respect to trees of these stocks budded to Washington Navel (see p. 191) . This 
is in striking contrast to the trial of these citranges ■with Marsh grapefruit tops 
(seep. 204). 

Valencia oranges are commonly propagated on sweet orange, sour orange, 
and Rough lemon rootstocks. The yield records in table 11 indicate that, gen- 
erally, no significant difference in productiveness resulted from the use of 
these different rootstocks. The apparent exception is the Standard sour orange 
rootstock compared with the Homosassa sweet orange in the 1928 plantings. 
The Standard sour orange trees in the 1928 plantings have consistently pro- 
duced less than the sweet, and have averaged 12 per cent less at Riverside 
and 24 per cent less at Tustin. The former difference, if taken alone, might not 
be considered significant, but, with a much greater difference in the same 
direction at Tustin, it is probable that for the Valencia orange the Standard 
sour orange is a relatively inferior stock in comparison with the Homosassa 
sweet orange. The trees on grapefruit rootstocks have consistently produced 
less fruit than those on sweet orange. At Riverside, the difference in yield -was 
greater than the difference in tree size; at Tustin, the converse was true. The 
clay loam soil at Tustin is apparently better adapted to grapefruit rootstock 
than the much lighter soil in the Riverside orchard. 
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The mandarin orange rootstocks with the Valencia orange have consistently 
produced smaller trees and less fruit than the sweet orange. The same holds 
true in comparing the Valencia trees on the two citrange stocks with those on 
sweet orange rootstock. An exception to this general rule, that the smaller 
trees yield less, is seen in comparing the trees on sweet orange rootstock with 



rig. 76. Seventeen-year-old Valencia orange tree on Koethen sweet orange 
rootstock in experimental plots at Tustin, California. 


those on trifoliate roots in the Riverside orchard, where the smaller trees on 
trifoliate roots have produced practically the same amount of - fruit as the 
larger trees on sweet orange roots. At Tustin, however, the yield of the trees 
on sweet orange rootstock exceeded that of the trees on trifoliate by 50 to 60 
per cent. Apparently, the light loam soil at Riverside is relatively better 
adapted to the trifoliate rootstock than the clay loam soil at Tustin. 

One of the uncommonly used rootstocks, the Sampson tangelo, has proved 
to be adapted for use with the Valencia orange. In most comparisons the 


Choice of Rootstocks 185 

Sampson tangelo trees produced nearl 3 - the same amount of fruit as the sweet 
orange rootstock trees of the same age. 

The different varieties of sweet orange used for rootstocks in these experi- 
ments have produced nearly the same results, with the exception of the Oro- 
viUe sweet orange at Riverside, where it appears less desirable than other 
sweet stocks. The different varieties of sour orange rootstock show greater 
variation, and it is very probable that the African sour is inherently inferior 
to the Brazilian or Rubidoux sour orange for use with Valencia orange. The 
differences between these varieties of sour orange were small in the Marsh 
grapefruit and Washington Navel orange experiments (see p. 191), where 
the production ranged from 11 to 32 per cent, respectively. Inasmuch as they 
were all in the same direction, in ten comparisons, it is exceedingly improbable 
that these small differences could have been due to chance. We therefore con- 
sider the African sour orange, as compared with other sour orange varieties, 
an undesirable rootstock for Valencia orange. 

A selection among the varieties of grapefrnit and mandarin oranges used 
as rootstocks seems less certain. There were probably too few trees, and the 
differences were too small, to give one assurance that among the few varieties 
used any were signifleantlj’^ supex'ior or inferior to the others. The two cit- 
ranges as rootstocks have been discussed above. It is interesting to note that 
although the Cunningham dwarfed the Valencia orange top more than the 
Savage at both Riverside and Tustin, it nevertheless produced more fruit than 
the Savage at Riverside. 

The quality of Valencia oranges as affected by the rootstocks has been 
studied over a series of years by Sinclair and Bartholomew (1944), to whom 
we are indebted for figure 77. This graph shows the relative concentrations 
of certain soluble organic constituents in the juice of mature fruits from both 
experimental orchards, averaged for a three-year period. Some of the differ- 
ences shown in this chart are doubtless due to chance variations in I'andom 
samples, but consideidng the number of trees sampled, and the fact that obser- 
vations were carried on over three years, there are nevertheless some small 
but consistent differences in fruit quality which are apparently due to the 
rootstocks. Rough lemon and Siamese shaddock rootstocks are associated with 
low-quality fruit because of the sxibnormal amount of acid, total sugars, and 
total solids in fruits on these stocks. Even with a high ratio of soluble solids 
to acid, the fruit would be considered relatively fiat in flavor. This contrast is 
especially noteworthy in comparing the fruit from Rough lemon and from 
Sampson tangelo trees. Oranges from the latter are higher in both total soluble 
solids and acids, and the fruit thus has a more positive flavor. (For a detailed 
discussion of these differences see Sinclair and Bartholomew, 1944.) It is of 
added interest to note that the Valencias from the warmer zone at Riverside 
were consistentlj' higher in total soluble solids than those on the same root- 
stocks from the coastal district at Tustin. The fruit from the coastal district 
was smoother and more nearly spherical than that from Riverside (see fig. 78) . 
The fruit from Riverside had a perceptibl}' more sprightty flavor, however, 
than that from near the coast. 
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Pig. 77. Belative concentrations of certain soluble organic constituents in the 
juice of mature fruits from Valencia orange trees budded on different stocks and 
grown in plots at Eiverside and Tustin. rruit samples were taken from both loca- 
tions in July, in three consecutive years. The value recorded for each stock is the 
mean value for the three years. (From Sinclair and Bartholomew, 1944, p. 136.) 
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Conclusions . — The information obtained from these experiments indicates 
that there is not enough difference in the yields of trees on sweet and sour 
orange rootstocks, either at Riveimde or at Tustin, to predicate exclusively 
on a basis of yield the use of these rootstocks for Valencias. The selection of 
the stock, as between these two varieties, should probably be decided on the 
basis of other considerations, such as relation to disease susceptibility. Sour 
orange, for example, is much more resistant than sweet orange to fungus dis- 



Pig. 78. Valencia oranges produced on the same rootstock but in different locations. The 
more elongated fruit on the left was grown in the warmer, inland district, at Riverside; 
the smoother-skinned, more nearly spherical fruit on the right was grown in the coastal 
district, at Tustin. 

eases such as brown-rot guramosis. Orange trees propagated on sour orange 
rootstocks are, however, subject to tristeza (Webber, 19-43) and orange-tree 
quick decline (Fawcett and Wallace, 1946). (See chap, xi, below.) 

, Valencia trees on sweet orange and on Sampson tangelo are somewhat larger 
than those on sour orange, and a smaller number of trees per acre might there- 
fore be desirable in a commercial orchard. The mandarin orange as a root- 
stock usually produces trees intermediate in size between those on sweet orange 
and oil sour orange. Trees on mandarin stock sometimes exceed those on sour 
stock in production; they are also more resistant to brown-rot gnmmosis than 
trees on sweet orange rootstocks. 

Valencias on Rough lemon equal those on sweet and sour orange in amount 
of yield, but fruit produced by trees budded on Rough lemon is inferior in 
quality to that of most other rootstocks. 
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ROOTSTOCKS FOR WASHINGTON NAVEL ORANGE 

The rootstock experiments 'with the Washington Navel orange which are 
summarized here were conducted in the experimental orchards of the Cali- 
fornia Citrus Experiment Station at Riverside, on Ramona loam soil. 

Average size and yield of trees on different rootstocks. — ^Average tree size 
and average annual yield of Washington Navel orange trees on different root- 
stocks are recorded in table 12. Plantings were made on adjacent areas in 

TABLE 12 

Epi’ect op Eootstock on Size and Yield op Washington Navel Orange 
Trees, Eiverside, Calipoenia 


Orchard planted in 1927 


Hootatock s]ieciea and variety 

Number 

of 

Average 
size of 
trees* 

Average annual yield per tree 
(pounds) 

trees" 

in 1939 
(sq. cm.) 

1931-1935 

1936-1940 

1941-1943 

1931-1043 

Sweet orange: 

Average of three varieties 

15 

199 

66 

151 

112 

109 

Sour orange: 







African 

9 



161 

127 

116 

Brasilian .. 

23 

181 

79 

213 

173 

152 

Hubtdoux 

15 

186 

84 

202 

174 

153 

Average 


171 

77 


165 

145 

Mandarin: 







Cleopatra 

10 

200 

78 

127 


09 

King 

10 


77 

149 

85 


Oneco 

10 

154 

54 

129 

79 

88 

Average 


180 

68 

135 

87 

08 

Grajxsfruil: 







C.E.S. seedling 343 

10 

135 

47 

116 

61 

77 

Duncan 

9 

185 

53 

112 

56 

70 

Average 


164 

50 

114 

59 , 

77 

Shaddock: 







Siamese 

10 

136 

46 

110 

75 

77 

Hough lemon 

15 

162 

90 

195 

152 

145 

tSampson tangelo 

10 

212 

88 

143 

60 

104 


Orchfu-d planted in 1928 




Average 

Average annual yield per tree 


Number 

size of 




liootstock species and variety 

of 

trees* 






trees" 

in 1939 







(sq. cm.) 

1932-1936 

1937-1941 

1942-1043 

1032-1^43 

Sweet orange: 







C.B.S. seedling 302 

to 

196 

96 

183 

89 

131 

Mandarin: 







Clementine 

10 

19R 

56 

153 

71 

99 

Citrangc:® 







Morton 

5 

168 

133 

300 

188 

212 

Cunningham. 

14 

92 

59 

104 

45 

76 

Savage 

24 

125 

40 

78 

49 

67 

Average 


119 

57 

115 

64 

81 

Trifoliate orange 

10 

115 

59 

204 

157 

130 
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TABLE 12 — {Continued) 

Effsct of Rootstock ok Size axb Yield op Washington Xatel Orange 
Trees, Eiveeside, Calitorkia 


Orchard planted in 1929 


Hootstrock species smd variety 

Number 

of 

1 1 

Average | 
siae of 
trees^ 

Average annual yield ]>er tree 
(pounds) 

trees* 

in 1940 
Ceq. cm.) 

[ 1 

1 1933-1937 1 

I 1935-1942 

1943 { 

1933-1043 

Sweet oaniise: 1 

Oroville | 

10 

1 

3DS 1 

SI i 

I m 

4S 

ur> 

Sour orange: 

Standard 

IS 

1 

157 1 

55 

ISO 

! 65 

113 

Mandarin: 

Cleopatra 

10 1 

1 210 ' 

54 

170 

33 

105 

Sampson tangejo 

10 i 

1 225 

54 

163 

41 

102 

Trifoliate orange 

15 

127 

1 

62 

1 

209 

1 

^ 102 

132 


Orchard planted in 1930 


Rootstock spedes and x'nriety 

Number 

Average 
sire ui 

Average anntial yield per tree 
(.pounds) 

trees* 

in 1939 
(SQ. CTq'j 

1934-1938 

1039-1943 


1934-1943 

Sweet orange: 

C.E.$. seedling 358 

19 

159 

SO 

ISO 


134 

Sour orange: 

Bittersweet 

15 

117 

64 

19S 


131 

Rough lemon 

10 

H7 

105 

395 


150 

estrange: 

Morton 

20 

m 

12S 

252 
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• At the end of the experiment. 

^ Comparati^'e tree aiee indicated by area of cmss aection of trunk six inches above bud union. 
« Of trees on Coleman citrange rootstock, 80 per cent died; no data reported. 


1927, 1928, 1929, and 1930. All sdeld comparisons extended over a. period 
of ten years or more. 

The rootstocks have had a striking elfect on the size and health of the trees, 
and thus on bearing area and production. The trees on sweet orange rootstock 
were somewhat larger than those on sour orange, as judged by the average 
size of all the sweet orange rootstock trees planted in 1927 compared with 
that of all the sour orange rootstock trees planted the same year, the size ratio 
of sweet orange trees to sour being 100 : 86. '\Mien trees on sweet orange root- 
stocks were compared with those on trifoliate in the same planting, the size 
ratio of sweet to trifoliate was approximately 100 : 60. 

The Cunningham citrange rootstock dwarfed the Navel trees more than 
the trifoliate stock did. Some of this excessive dwarfing was probably due to 
extreme incompatibility between the Cunningham and tlie Navel, for the 
orange trees on this rootstock were subnormal in general health and ap))ear- 
ance as well as dwarfed in size. The trees on mandarin orange rootstock were 
approximately the same size as those on sweet orange; the trees on Rough 
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lemon, like those on sour orange rootstock, were somewhat smaller. The trees 
on grapefruit rootstock averaged smaller and were more variable in size than 
those on any other citrus species used. 

Washington Navel orange trees are commonly propagated on sweet orange, 
sour orange, and Rough lemon rootstocks. The yield differences in table 12 
show that for the thirteen-year average in the 1927 planting the sour orange 
was 33 per cent more productive than the sweet orange. The mandarin 
orange rootstocks averaged 11 per cent less than the sweet orange rootstocks, 
and the grapefruit stocks 29 per cent less. The general impression of trees on 
grapefruit rootstocks is that they are extraordinarily unproductive, consider- 
ing their size and appearance. Trees on the Sampson tangelo rootstock aver- 
aged somewhat less fruit than those on the sweet orange rootstock, over the 
entire period, in the two orchards of the 1927 and 1929 plantings. In the 1927 
planting, in the last three years (1941 to 1943, inclusive) , the trees on Sampson 
tangelo had more mottle-leaf than those on sweet orange and were clearly 
inferior to the latter in production. The trees on Sampson tangelo have gen- 
erally been less productive than those on sour orange, even though the former 
are considerably larger. This hybrid rootstock is of less promise for commercial 
use with Washington Navel orange than with Valencia. Further studies may 
show that trees on Sampson tangelo rootstocks have nutritional requirements 
differing from those of other rootstocks. 

The trees on trifoliate rootstock have grown more dowly than those on sweet 
orange roots. The average yields for the eleven-j’-ear period were practically 
equal, however, on these two rootstocks in the 1928 plantings. In both the 1928 
and the 1929 plantings, the yields in 1942 and 1943 showed a greater difference 
in favor of the trifoliate rootstock trees than theretofore. In the orchard 
planted in 1928, the yields of the trees on trifoliate rootstoclc were 87 per cent 
greater than those on sweet orange in 1942, and 66 per cent greater in 1943. 
In the orchard planted in 1929, the production of the trifoliate trees exceeded 
that of the sweet rootstock trees by 125 per cent in 1942, and by 112 per cent 
in 1943. Both years were somewhat unfavorable for the production of Navel 
oranges in various experimental orchards in adjacent fields. Whatever the 
cause of this intangible adversity, the trees on trifoliate rootstock were less 
seriously affected than those on s'weet rootstock. 

The annual production of the trifoliate trees, for the years 1939 to 1943, in- 
clusive, exceeded that of the comparable sweet orange trees in each of the 
experimental orchards. The following tabulation shows these comparisons on 
an annual basis. 


Bate of planting, and roostock variety Average yield per tree (^pounds) 


1928 

1938 

1939 

1940 

1941 

1942 

1943 

Sweet orange seedling 362 

186 

240 

221 

146 

89 

90 

Trifoliate 

1929 

134 

258 

307 

238 

166 

149 

Oroville sweet orange seedling 

150 

213 

219 

177 

64 

48 

Trifoliate 

129 

228 

293 

249 

144 

102 
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The four citrange rootstocks used are especially interesting because of the 
extremely divergent results obtained from the respective varieties, -which 
originated from a single hybridized fruit (see citranges, Vol. I, p. 654). The 
Coleman citrange was a complete failure. It had a dwarfing etfect on the trees, 
half of which died before thej' were ten years old. The Cunningham citrange 
also dwarfed the trees to less than half the size of the trees on the sweet orange 
rootstock, with yields in somewhat the same proportion. The trees on Cunning- 
ham citrange stock were subnormal in general health and were affected more 
bj’^ zinc deficiency than trees on sweet orange root ; they may be considered a 
practical failure in the experimental orchard. The dwarfing effect of the 
Savage citrange was less extreme than that of the Cunningham, as may be 
seen by a comparison of the trees in figure 79 ; but the foliage was subnormal 
in size and density, the amount of dead twigs in the trees was excessive, and 
zinc-deficiency symptoms were more apparent than in the sweet orange root- 
stock trees. The Savage citrange should be considered a failure in this orehai'd. 
The Morton citrange, on the other hand, has produced trees nearly as large 
as those on the sweet orange, as mas*^ be noted by comparing figures 80 and 81, 
and has been notably and consistently more productive. The iMorton citrange 
trees have sho-wn some overgrowth of the rootstock, as compared to the scion, 
but to a less degree than trees on trifoliate root. The trees are normal and 
healthy in appearance, however, and have a tendency to grow somewhat more 
upright than those on sweet orange rootstock. 

The consistently greater average production of Washington Navel trees 
on Morton citrange than on any other comparable rootstock suggests that 
this citrange merits further experimentation. The orchard planted in 1930 
is the only one having a sufScient number of trees on this stock for a reliable 
comparison with sweet orange rootstock. In this orchard the trees on Morton 
citrange have exceeded those on sweet orange in yield every year out of ten, 
and have exceeded the trees on Kough lemon roots eight years out of ten. The 
average yield for the first five years was 60 per cent more than that of the sweet 
stock, and 22 per cent more than that of the Eough lemon. On a ten-year basis, 
the yield of the Morton citrange trees has exceeded that of the sweet orange 
rootstock trees by 42 per cent, and that of the Rough lemon by 27 per cent. 
The Morton citrange would merit commercial trial as a rootstock for Wash- 
ington Navel oranges if a practical way could be found of obtaining the 
Morton seedling trees in quantity for nursery purposes. The fruit of the Mor- 
ton citrange is nearly seedless, and its use as a rootstock will probably be im- 
practicable unless this peculiarity can be overcome. 

'Among the sour orange varieties, the African is significantly inferior to 
Brazilian or Rubidoux, as judged by the yields of Washington Navel trees on 
these rootstocks (see also Valencia, p. 185, and Marsh grapefruit, p. 209). 

The mandarin orange varieties, as rootstocks for the Washington Navel 
orange, are variable in production and compatibility. The same may be said 
of the different varieties of grapefruit tested. As a group, the grapefruits are 
the least desirable of any citrus species used as rootstocks in this experiment, 
under the existing conditions. 




Pig. 80. Eleven-year-old Washington Navel orange tree 
on rootstock of sweet orange seedling 358, in the 1930 
planting at the Citrus Experiment Station, Eiverside, 
California. 
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The quality of Washington Navel orange fruit as affected by the rootstocks 
has been the sub.ieet of studies by Sinclair and Bartholomew (1944) , to whom 
we are indebted for figure 82. The graphs show the total soluble organic solids 
in the juice of mature Washington Navel fruit from trees on different root- 
stocks ; also the reducing sugars, total sugars, and total acids (as citric ) . There 
is apparently a noticeable casual A’ariation between fruit samples from trees 
on different species of citrus and on different varieties within a given species. 



Fig. SI. Eleven-year-old Wasliington Xavel or.nnge tree 
on Morton eitrange rootstock, in the iOSO iihinting at the 
Citrus Experiment Station, Eiverside, ('alifornia. 


The Savage eitrange, the Duncan grapefruit, and 1 he Sampson tangelo root- 
stocks all produced fruit relatively high in total soluble solids. The fruit 
from the tangelo trees was also high in acid, as in the Valencia trials (see p. 
185). The Navel oranges produced on the. Rough lemon rootstocks were low 
in total soluble solids, and in acids also, and would thus be considered b.v many 
persons to have lower-quality fruit than that produced on most of the other 
rootstocks. This is consistent with the low total of soluble solids in fruit of 
Marsh grapefruit and of Valencia orange produced on Rough lemon root- 
stocks. The Washington Navel oranges on the. trifoliate rootstocks were also 
significantly lower in total soluble solids than those on most of the other stocks. 

Conclusions . — The sour orange, sweet orange, and Rough lemon have all 
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Fig. 82. Relative concentrations of certain soluble organic constit- 
uents in the juice of mature fruits from Washington Navel orange trees 
luidded on different stocks and grown in plots at Riverside. Values 
recorded are those of two fruit samples gathered in January, 1939, and 
one sample gathered in February, 1940. (From Sinclair and Bartholo- 
mew, 1944, p. 140.) 


produced satisfactory trees -vvlien used as rootstocks for the Washington Navel 
orange variety. The yields with these three rootstocks have not varied greatly 
or consistently. The fruit from the Rough lemon rootstock trees is not so 
high in quality, however, as that from either sweet or sour orange trees. 
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Because of the low quality of the fruit, Rough lemon stock probably should 
not be used even in an open-type soil such as a gravelly or sandy loam. 

Sour orange stock is less susceptible to brown-rot gummosis than either 
sweet orange or Rough lemon. Since trees on sour orange rootstock are .smaller 
than those on sweet orange, more trees can be planted per acre. 

If trifoliate orange rootstock is ixsed, more trees should be planted per acre 
than with either sweet or sour orange stocks, as the trees are consistently 
smaller than on those rootstocks. 

The Morton citrange would be a promising rootstock for the Washington 
Navel if practical means could be found to produce seedy Morton fruit for 
nursery use. 

ROOTSTOCKS FOR OWARI SATSUMA ORANGE 

The rootstock experiments with the Satsuma orange which are summarized 
here were conducted in the experimental orchards of the California Citrus 
Experiment Station at Riverside, on Ramona loam soil. 

Average size and yield of trees on di^ event root stocks. — In table 13, average 
tree sizes and average annual yields of Owari Satsuma orange trees on dif- 
ferent rootstocks are tabulated for the three exi^erimental orchards. The yield 
records extend over an eight-year period for the two orchards planted in 1929, 
and over a seven-year period for the one orchard planted in 1930. The dif- 
ferent rootstocks caused striking effects in the size and production of the trees. 
The rootstocks of tlie sweet orange, mandarin orange, grapefruit, Rough 
lemon, and Sampson tangelo have consistently produced larger trees than 
those of the sour orange. The trifoliate and the citrange rootstocks have pro- 
duced smaller trees than the sour orange. There has not alw’ays been a positive 
correlation, however, between the size of the trees on different rootstocks and 
the volume of production. 

The sweet orange has, almost without exception, produced somewhat more 
fruit than the other rootstocks commonly used with the Satsuma orange. The 
five different sweet orange stocks reacted veiy^ similarly, all producing large, 
vigorous trees, with good yields and good quality and grade of fruit. Only a 
few Satsumas are grown in California, but the limited experience of growers 
tends to favor the use of sweet orange stock, and this experience is supported 
by the experiments reported here. 

Of the four sour orange varieties tested as rootstocks with the Satsuma, 
the Brazilian and the Standard gave the best yields, and the trees on these 
stocks, when pulled at the orchard ages of nine and ten years, were all in good, 
vigorous condition. The trees on the Rubidoux sour stock were in poor condi- 
tion, however, and those on African sour w’ere eitlier nearly dead or in very 
poor condition at the end of the tenth year. The opinion coinmoiily held 
(Swingle, 1909) is that the sour orange is unsatisfactory as a stock for the 
Satsuma, but the re.sults of the present experiments gave no indication of 
unsatisfactory reactions with Brazilian or Standard sour, except that the 
trees were somewhat smaller than those on sweet orange rootstock, and the 
yields were less. 
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Tke five mandarin varieties tested as rootstocks with the Satsuma produced 
trees approximately the same size as those on sweet orange or Rough lemon, 
and they were vigorous and healthy, with normal bud unions. The King and 
Cleopatra mandarin stocks gave the best yields in the group, but these yields 
were not equal to those of the sweet rootstock trees. The yields, in general, were 
about the same as those from the best strains of sour stocks. The trees on 
trifoliate rootstock were dwarfed by the stock, but produced nearly as much 
fruit as the larger trees on Standard sour orange or on mandarin roots. , 

The five citranges used as rootstocks have produced extremely variable 
results, judging from the size of the trees and the resulting yields. This would 
be expected from the great differences in citranges (see Vol. I, pp. 654 ff.). 
The trees on Morton and Savage eitrange stock were vigorous, and the former 
produced trees nearly standard in size ; but trees on Rusk, Cunningham, and 

TABI/E 13 

Effect of Rootstock on Size and Yield of Owari Satsuma Orange, 
Bivebside, Oaeifobnia 


Orcliard planted in 1929 ivith one-year-old bndlin^ 


Rootatock specie^ and variety 

Number 
! of 

Ireea* 

1 Average 
sise of 
trees 
in 1939 
(sq. cm.) 

1 Average annual yield per tree 

(pounds) 

1031-1934 

1935-1938 

1031-1938 

Sweet orange: 






Oroville 

10 

110 

27 

96 

01 

IJnRelected 

11 

119 

24 

102 

63 

Average 


118 , 

25 


62 

Sour orange: 






Standar<l 

10 

91 



52 

Rough lemon 

11 

106 



53 

Trifoliate orange 

10 

50 



48 

Sampson tangelo 

9 

123 


■■ 

56 


Orchard planted in 1929 with two-year-old budlings 


1 

Rootstock species and variety 

Number 

of 

trees” 

Average 
sise of 
trees* 
in 1939 
(sq. cm.) 

Average annual yield per tree 
(pounds) 

1931-1934 

1935-1938 

1931-1938 

Sweet orange: 






C.E.S. seedling 362 

U 

116 


114 

76 

Sour orange: 






African 

n 

72 


65 

45 

Bimilian 

16 

85 


83 

52 

llubidoux ' 

8 

56 

22 

55 

39 

Average 


74 

23 

70 

46 

5iandari» : 






Cleopatra 

11 

110 

20 

87 

53 

Citrange: 






Cunningham 

11 

46 1 

30 

73 

51 

Savage 

17 

04 

34 

91 

63 

Average 


67 

32 

84 1 

58 

Trifoliate orange ' 

1 

11 

1 

51 

24 

1 

73 

1 

48 
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TABLE 13 — (Continued) 

Eppkct ov Eootstock on Size and Yield op bwABi Satsuma Osanoe, 
Biverside, Calipoknia 


Orchard planted in. 1930 with one-year-old budlings 


Rootfitock species and variety ^ 

Number 

of 

Av^age 
size of 
trees ^ 

Average annual yield per tree 
(pounds) 

trees'* 

in 1088 
(sq. cm.) 

1632-1635 

1936-1938 

1932-1938 * 

Sweet orange: 






C.E.S. seedling 358 

15 

62 

29 


57 

Mandarin: 

Dancy 

16 

63 

19 

HI 

40 

King 

16 

100 

30 


51 

Willow Leaf 

16 

101 

25 

74 1 

46 

Average . . . 


98 

25 

74 

46 

Grapefruit: 

14 





McCarty... 

106 

19 

65 

52 

Citrange: ‘ 






Morton 

16 

84 

32 

142 

79 

Rusk 

11 

47 

27 

70 

45 

Rusk cuttings 

10 

54 

33 

79 

53 

Average 


65 

30 

104 

62 

Rough lemon 

11 

86 

43 

62 

64 

CitTua Wehberii 

12 

I 65 

20 

73 

43 

Calaznondin 

16 

1 78 

17 

70 

40 


• At the end of the experiment. 

b Comparative tree size indicated by area of cress section of trunk six inches above bud union. 

« Of trees on Coleman citrange rootstock in this orchard, 60 per cent died in one to seven years ; no data reported. 


Coleman were decidedly dwarfed, approaching the degree of dwarfing ex- 
hibited by the trifoliate orange. All exhibited some degree of stock overgrowth. 
The Coleman citrange was so markedly incompatible with the Satsuma orange 
that the trees failed to.live through the short period of this experiment. The 
Morton citrange rootstock, on the other hand, even though it dwarfed the 
Satsuma trees slightly, in comparison with the sweet orange stock as a standard, 
produced trees which were significantly more productive than those on sweet 
orange. If it were practical to obtain seedling nursery stock of the Morton 
citrange, it seems probable that this would be the best stock to use for Satsumas, 
when grown under the conditions of this experiment. The Savage citrange 
also gives some promise as a rootstock, for it yielded 84 per cent as much fruit 
as the sweet orange and 19 per cent more than the Cleopatra mandarin, which 
produced as much as, or more than, the several sour orange rootstock trees 
tested. We believe that the Savage citrange merits limited use, and that if 
the trees are planted close enough together they will probably give a satis- 
factory yield per acre. The Savage citrange has been very resistant to brown- 
rot gummosis in other rootstock trials (see grapefruit, p. 209) , and is possibly 
more resistant than Cleopatra mandarin. 

The trifoliate orange, which is probably the rootstock most commonly em- 
ployed for Satsuma varieties in Japan and the United States, produced 78 
per cent as much fruit as the trees on sweet orange, and thus indicated only 
medium yield in comparison with the latter stock. 
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The relative production of the trees on Rough lemon was not consistent in 
the different plantings ; it apparently does not have much merit as a rootstock 
for the Satsuma. The trees were vigorous, healthy, and standard in size, hut 
the fairly favorable yield reaction was offset by the poor character of the fruit, 
which tends to be coarse, rough, and conspicuously necked. Another factor 
against the use of Rough lemon is the frost-tenderness of the stock and its 
effect on the top. This \^as clearly shown in an experimental orchard planted 
in central California (Oroville) . Here, in a severe freeze the trees on trifoliate 
rootstock were only moderately injured whereas those on Rough lemon were 
severely injured (see chap, ii, p. 95 ; also Webber, 1935) . As the Satsuma suc- 
ceeds best in northern or comparatively cold citrus sections, this tenderness 
of the Rough lemon should exclude it from use as a stock for the Satsuma. 

The Satsuma on Sampson tangelo, which is promising as a rootstock for 
lemons and Valencia orange, produced 89 per cent as much fruit as Satsuma 
on sweet orange. This would indicate that the Sampson is a fairly good stock 
for Satsumais, though probably inferior to sweet orange. 

The trees on Citrus Webberii and Calamondin gave yields, respectively, of 
only 75 and 70 per cent as much as those of the trees on .sweet orange, and with 
each of these rootstocks the trees were below standard size, though not dwarfed 
as much as those on trifoliate stock. 

Conclusions . — The Satsuma on sweet orange rootstock at Riverside yielded 
more fruit than Satsuma on any other rootstock except Morton citrange. 
Some strains of sour orange were unsatisfactory ; others, such as the Brazilian 
and Standard sour, produced good trees but were comparatively low in yield. 

Trifoliate orange rootstock stunts the Satsuma orange trees, but if they are 
planted close together the yield per acre may be comparable to the acre yield 
of trees on sweet orange planted a greater distance apart. In a cold location, 
or in hea\'y soil in which the trees would be susceptible to brown-rot gummosis, 
the trifoliate would be desirable. Sampson tangelo gives some promise as a 
rootstock. 

Rough lemon does not appear to have any special merit as a rootstock for 
the Satsuma orange in California. The inferior quality of the fruit from such 
trees, and their susceptibility to frost injury, count against this stock. 

Morton citrange merits limited commercial trial when it is possible to obtain 
a sufficient amount of seed for growing the rootstock seedlings. 

The Savage rootstock also merits commercial trial with the Satsuma orange 
because of the comparatively high yield of fruit on trees of this stock and its 
comparative resistance to brown-rot gummosis. 

ROOTSTOCKS FOR OTHER MANDARIN AND 
TANGERINE VARIETIES 

The evidence available on the best stocks to employ for such mandarin and 
tangerine varieties as Dancy, Clementine, King, Emperor, and others is based 
almost wholly upon the practical experience of growers. In California such 
varieties are propagated almost wholly on sweet orange or sour orange stocks, 
which apparently give fairly satisfactory results, but the acreage grown is 
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small and unimportant. The trees on swet stock grow somewhat larger than 
those on sour. 

In Florida, mandarin and tangerine varieties are propagated mainly on 
sour orange, Rough lemon, or Cleopatra mandarin stocks, the type of stock 
used depending on the character of the soil where the trees are to be grown. 
All mandarin varieties grow vigorously on Rough lemon, but the fruits, like 
those of the Satsuma on this stock, are prone to be coarse and necked and to 
begin drying out rather early. According to Hume (1926), however, “Dancy 
tangerines of high grade may be grown on Rough-lemon stock. The great dif- 
ficulty in growing good tangerines is to produce them large enough, and Rough- 
lemon stock aids to this end.” 

Provan (1933) has stated that, in Australia, where mandarins have been 
extensively grown, the earlj- Imperial mandarin on Rough lemon stock shows 
a verj’^ large overgrowth of the stock, and the trees apparently decline and 
die at an early age. Such declined trees have been restored by top-working to 
Valencia orange. 

In South Africa, tangerine varieties have been propagated almost exclu- 
sively on Rough lemon stocks, which seem to have given satisfactory results. 
In 1925, seventy - 3 ^ear-old trees of the Cape tangerine on Rough lemon were 
still in robust health. In China, mandarin oranges are widely grown and are 
mainly propagated on rootstocks of some type of mandarin. 

ROOTSTOCKS FOR MARSH GRAPEFRUIT 

The California rootstock experiments with Marsh grapefruit which are 
summarized here were conducted in two orchards that were approximately 
duplicates, one at Riverside, on Ramona loam soil, and the other at Brawley,' 
on Holtville silty clay loam. 

Average size and yield of trees on different rootstocks. — In table 14, average 
tree sizes and average annual jdelds of Marsh grapefruit trees on different 
rootstocks are tabulated for the two experimental orchards. The yields extend 
over a ten-year period, with the one exception of the orchard planted at Braw- 
ley in 1929, for which records are available for only nine years. One of the 
most obvious effects of the rootstocks is upon the size of the trees, as shown by 
observation and by the comparative areas of cross sections of the scion trunks. 

The data in table 14 show that in the orchards planted in 1928 the sweet 
orange rootstock produced the largest trees. At Riverside, the average size 
of the trees on the sweet orange rootstocks is 24 per cent greater than that of 
the trees on the sour orange; and at Brawdey, 20 per cent greater. The varie- 
ties of citrange rootstock produced medium-to-small, variable trees. In com- 
parison with sweet orange stock, the trifoliate rootstock had an extreme 
dwarfing effect on the grapefruit trees (see figs. 83 and 84). The dwarfing 
effect of this particular strain of trifoliate stock was exhibited in a much 
greater degree with grapefruit than with Valencia orange or with Washington 
Navel orange. The additional data from the orchards planted in 1929 indicate 

^ These localities differ greatly in their climatic conditions. (See Vol. I, “The interior val- 
ley section,” p. 77, and “The desert section,” p. 78.) 
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TABLE 14 

Erriici' oir Eooi'BTOUii on Size and Tieu) op Masbh Ghapepeuit Trees, 
Eiverside and Brawley, California 


Orchards planted in 1928 


Rootstock species 
and variety 

Riverside 

Brawley 

Num- 
ber of 
trees« 

Average 
size of 
trees ^ 
in 1039 
(ag. cm.) 

Average annual 
yield per tree 
(pounds) 

Num- 
ber of 
trees'* 

Average 
size ol 
trees ^ 
in 1939 
(sq.cm.) 

Average annual 
yield per tree 
(pounds) 

1931- 

1935 

1936- 

1940 

1931- 

1940 

1931- 

1935 

1936- 

1940 

1931- 

1940 

Sweet oranae: 











C.E.S. seedling 362 

IS 

255 

156 

25G 

20$ 

15 

380 

214 


309 

Homosasstt .... 

10 

241 

142 

238 

160 

9 

382 


344 

274 

Average 


240 

150 

249 

200 


381 

210 

382 

296 

Sour orange: 











African , . . 

10 

104 

116 

207 

161 

20 

^KTiv^H 

164 

327 

245 

Brasilian.. 

10 

214 

152 

242 

197 

15 


ms 

403 

301 

llubidoux ... ... 

15 

196 

137 

250 

mssm 

20 


176 

367 

271 

Standard . . , , 

9 

196 

139 

243 

191 

13 

387 


383 

286 

Average... 


201 

136 

237 

ISO 


320 


366 

273 

Mandarin: 











Clemenlino .. . 

10 

217 

121 

227 

174 

14 

286 

139 


BTB 

Cleopatra . 

20 

2C8 

152 

254 

203 

30 

346 

160 

339 

249 

Average 


281 

142 

'246 

163 


327 

163 

317 

235 

Citrange: 











Cunningham 

9 

127 

112 

172 

142 


188 

154 

212 

183 

Savage 

10 

160 

117 

188 

152 

15 


147 


216 

Average 


144 

115 

180 

147 


199 


256 


Lemon shaddock 

10 

175 

87 

189 

138 

14 


152 

313 

232 

1 rifoliate orange. . 

10 

65 

61 

116 

88 

HTJV 

125 

78 

151 

114 

Shaddock X St. Michael, hybrid . 

15 

143 

99 

— 

150 

9 

292 

162 

321 

241 

Hough lemon 

24 

201) 

133 


191 


339 

213 

467 

335 


Orchards planted in 1029 


Rootstock species 
and variety 

Riverside 

Brawley • 

1 

Num- 
ber of 
trees'* 

Average 
size of 
trees ^ 
in 1949 
(sq. cm.) 

Avenge annual 
yield per tree 
(pounds) 

Num- 
ber of 

1 trees® 

1 

Average 
size of 
trees^ 
in 1940 
(sq. cm.) 

Average annual 
yield per tree 
(pounds) 

1932- 

1936 

1937- 
1941 ' 

1932- 

1941 

1932- 

1936 

1937- 

1940 

1932- 

1940 

Sweet orange: 











Oroville 

IS 

264 

130 

273 

204 

12 

366 

172 

412 

272 

Seedlings (mixed) 

10 

245 

142 

274 

208 

15 

388 

176 

448 

297 

Average 


286 

138 

273 

206 


378 

174 

431 

291 

Sweet lemon: 


, 









Millsweet 

10 

117 

51 

124'* 

SO 

6*^ 

270 

187 

426 

293 

Sampson tangelo 

14 

272 

137 

249 

193 

15 

403 

150 

427 

294 

Hough lemon 

15 

222 

135 

229 

182 

11 

389 

m 

570 

392 
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TABLE 14 — (Continued) 

Effect of Eootstock ok Size and Yield op Marsh 
GRAPE i^tuiT Trees, Biverside and Bbawley, California 


Orchard planted va 1930 


Riverside 


Hootatock species 
and variety 

Num- 
ber of' 

Average ' 
size of 
trees* 

Average annual 
yield per tree 
(pounds) 


trees« 

in 1939 
(sq. cm.) 

1933- 

1937 

1938- 

1042 

1933- 

1942 

S^veet orange: 






C.E.S. seedling 3S8 

15 

209 

169 

287 

228 

Sour orange: 






Bittersweet 

10 

157 

143 

249 

196 

Mandarin; 






Dancy 

15 

192 

151 

248 

199 

Grapefruit: 






McCartv 

15 

103 

148 

240 

194 

Pernambuco 

20 

215 

144 

234 

189 

Tresca 

19 

218 

176 

263 

210 

Average 


210 

150 

246 

201 

Calumondin 

i 11 

140 

88 

98 

1 02 

Bough lemon 

1 15 

211 

: 202 

2G0 

1 231 


« At the end of the experimept. 

^ Comparative tree size indicated by area of cra«« section of trunk six 
inches above bud union. 

‘ Five trees died during this period. 

Nine of the original fifteen trees in this orchard died during tlie ten 
years 1032-1941. 


that the Sampson tang'eJo makes a slightly larger tree than the sweet orange 
or Rough lemon rootstock. 

By inspection of table 14 it can be seen that there is a very high degree of 
correlation between average annual jaeld and tree size. Individual tree yields 
are only one consideration, however, in evalnating the merit of a rootstock. 
Medium-sized trees may he planted closer together than larger trees, and thus, 
with more trees to the acre, the yields from medium-sized trees, on an acre 
basis, may be equal to or even greater than those from larger ones planted 
farther apart. Comparison of the sweet orange with the sour orange rootstock, 
both at Riverside and at Brawley, illustrates this point. In the Brawley 
orchards, for example, the sweet orange stock trees are 20 per cent larger 
than the sour orange, hut in the ten-year period 1931-1940, inclusive, they 
produced only 8 per cent more fruit. There are also disadvantages and extra 
cultural expenses in handling very large trees. 

The resistance to disease and the relative productiveness of trees on sour 
orange rootstock has caused this stock to ho generally used for grapefruit 
orchards in California, Arizona, and Texas. The data in table 14 justify the 
continuation of this practice where the cultural operations and natural condi- 
tions make resistance to disease an important consideration. 
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Fig. 83. SixtDen-vear-old Marsh grapefruit budded to trifoliate orange root- 
stock, in experimental orchard at the Citrus Experiment Station, Eiverside, 
California. 


The Rough lemon rootstock trees were planted in the Riverside orchards in 
each of the three years 1928, 1929, and 1930; in the Brawley orchards plant- 
ings were made only in 1928 and 1929. There are thus five plantings of Rough 
lemon comparable with corresponding plantings of sweet orange rootstocks. 
At Riverside, the trees on Rough lemon have produced practically the same 
yields as those on sweet orange. At Brawley, the Rough lemon was probably 
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rig. 84. Sixteen-year-old Marsh grai)efruit budded lo sweet orange 3G2 rootstock, in 
experimental orchard at the Citrus Experiment Station, Eivorside, California. 


significantly more productive only in the 1929 orchard, where it exceeded 
the average nine-year yields of the sweet orange trees by 35 per eent. Just 
why the Rough lemon should have been so irregular in these trials is not 
known ; however, it does not appear to he a particularly desirable stoek for 
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grapefruit in California. Eough lemon rootstock renders the grapefruit tree 
more susceptible to frost, as has been observed with other varieties of citrus 
on this same stock. The effect of the Rough lemon stock on the grapefniit tree, 
as compared with that of the sour orange stock, is illustrated in figure 70. 
Rough lemon stock is not especially resistant to brown-rot gummosis and pro- 
duces fruit particularly low in quality. 

A promising stock which merits commercial trial, and which is very nearly 
equal to sour orange stock in disease resistance, is the Cleopatra mandarin. 
This stock also produces normal-sized trees and crops, compared with the 
sweet orange stock as a standard. Two other stocks which have been as resistant 
to brown-rot gummosis as the sour orange in this experiment, but which have 
some depressing effect on the size of the trees, are the Savage citrange and 
the shaddock x St. Michael hybrid. Trees on these two rootstocks are more 
productive than those on sweet orange roots, in relation to size. To illustrate 
this principle, the trees on sweet orange rootstock at Riverside are 56 per cent 
larger than those on Savage citrange, but have produced in ten years only 32 
per cent more fruit ; at Brawley, the trees are 81 per cent larger trees, but 
have produced only 37 per cent more fruit. The relative size of sixteen-year-old 
Marsh grapefruit trees on sweet orange stock and on Savage citrange stock 
can be seen by comparing figures 84 and 85. There may be a place, under cer- 
tain commercial cultural conditions, and in home gardens, for these very 
productive, medium-sized trees on relatively disease-resistant rootstocks. The 
Marsh grapefruit trees on Savage citrange roots are normal and healthy in 
every respect, even though smaller in size than comparable trees on sweet root- 
stocks. The overgrowth of the Savage citrange rootstock at the bud union is 
notably less than that of the trifoliate rootstock with Marsh grapefruit tops. 

The sweet lemon stock (var. Millsweet) has been relatively productive in 
the 1929 Brawley orchard, so far as the sundving trees are concerned ; this 
is a short-lived, disease-susceptible rootstock, however, not adapted to the 
conditions under which it was tried. More than half the trees on this rootstock 
in the Brawley orchard died in the first twelve years. 

A comparison of rootstock varieties within the respective species indicates 
that differences in the sweet orange selections used in this experiment are 
probably within the realm of chance. The particular varieties or seedling trees 
used were of practically equal vigor and have resulted in orchard trees of 
essentially equal productiveness. This should not be taken to mean that selec- 
tion for superior rootstock sources within the species is futile, but rather that 
the four used in this experiment probably do not include the extremes and 
thus do not show a significant difference. The results in the use of the four 
selections within the sour orange species show a significant difference. The 
African sour orange has produced normal-sized trees for the species but is 
exceeded in production by the other sour orange stocks by 20 per cent, more 
or less. The yields of the other three sour orange stocks have not varied greatly. 
In the mandarin species, the Cleopatra variety produces somewhat larger, 
more productive trees than the Clementine variety. Of the eitranges tested, the 
Savage has some advantages over the Cunningham : it is definitely more pro- 
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Fig. 85. Sixteen -year-old Marsh grapefruit tree on Savage citraiige rootstock. 

ductive ill the Bratvley orchard, and the trees are more vigorous. As noted 
below (p. 209), the fruit on the Savage rootstock also is of especially high 
quality. 

Yields from an orchard planted at Riverside in 1930 are presented in table 
14. The main interest in these data lies in a comparison between yields of trees 
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on a sweet orange rootstock and on three varieties of grapefruit. The average 
yields of the grapefruit stock trees are generally less than those of the sweet 
orange, though the small differences may have very little significance. Within 
the species there seems to be very little choice between these three varieties of 
grapefruit used as rootstocks. Yields of a small planting of Duncan grape- 
fruit stock trees in the 1928 orchard, which are not included in table 14, were 
also less than those of the sweet orange. 

The Daney mandarin trees are slightly less vigorous and less productive 
than the sweet orange rootstock trees. Inasmuch as Dancy is about as sus- 
ceptible to brown-rot gummosis as sweet orange (Klotz and Fawcett, 1930), 
there seems to be no advantage in its use. 

Of the stocks tested, both at Riverside and at Brawley, the trifoliate orange 
was among the lowest in yield capacity. The trifoliate stocks exhibited marked 
overgrowth, and the tops were rather sickly in appearance and much dwarfed, 
the average height and diameter being less than half those of standard-sized 
trees. Nevertheless, aU trees were living at the end of the fourteenth year and 
were bearing large crops of fruit, in comparison with their size. 

Influence of rootstock on fruit character. — ^Although it is well known that 
fruit character is at times markedly infiuenced by the rootstock, the observa- 
tions and studies that have thus far been made on the fruits of grapefruit 
trees in this series of rootstock tests have not revealed many changes that could 
be expected to affect the market value of the fruit. In general, the grapefruits 
produced on sweet orange, sour orange, grapefruit, and mandarin orange 
stocks are so similar in appearance, size, and quality that no difference has 
been observed that could be considered commercially important. 

In some seasons it ha^ been clearly noticeable that the fruits produced on 
trifoliate orange stocks were more xuiiform in size and slightly smaller than 
those on most other stocks, and that they were particularly smaller and more 
uniformly globose or oblate than those on Rough lemon stocks. The fruits on 
trifoliate are smoother and more solid, with slightly thinner peel, than those 
on Rough lemon, and, in genei'al, are of slightly superior quality. The trifoliate 
orange and the Rough lemon seem to represent the two extremes among the 
rootstocks tested, with respect to their tendencies in the expression of these 
characters. It is also noteworthy that the Savage citrange has an influence 
on the fruit similar to that of the trifoliate orange. The Savage citrange nierits 
careful consideration as a rootstock for the grapefruit. 

The factors emphasized in the preceding paragraph are also indicated by 
the data obtained by Sinclair and Bartholomew (1944) in their chemical 
studies of the fruits from a number of these rootstock varieties at both River- 
side and Brawley. These data are illustrated plainly by the graphs in figure 86. 
The averages of the analyses for each rootstock are indicated in position on 
each graph by a single dot above the stock name. Each dot represents the 
average of different analyses of samples taken from ten trees during two con- 
secutive years, and may therefore be considered as representing very accu- 
rately the differences that normally exist. 

In the uppermost graph (fig. 86), for total acids (as citric), it will be noted 
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that the two lines representing the Riverside and Brawley plots are nearly 
horizontal and almost superimposed, showing tliat acid content was not mate- 
rially affected by the stock or the location. The slightly lower acid content 
in the fruits on Rough lemon is probably significant, but at most the difference 
is slight. 
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In. the three graphs (fig. 86) showing the percentages of reducing sugars, 
total sugars, and total soluble solids, the lines are very similar, as would be 
expected, nearly paralleling one another but showing with few exceptions 
notably higher percentages in the Riverside samples.^ The outstanding root- 
stock influences here are the very high percentages of sugars and soluble solids 
shown by the fruits on the trifoliate orange and Savage citrange stocks and 
the very low percentages exhibited by the fruits on Rough lemon stocks. These 
reactions were the same at Riverside and at Brawley. 

Another rather striking variation is the much higher content of sugars and 
of total soluble solids shown by the fruits grown on C.E.S. 362 sweet orange 
stock, as compared with that of fruits grown on the Oroville sweet orange. 
As this reaction is the same at Riverside and at Brawley, during the two years 
in which tests were made, it would seem to be a characteristically different 
reaction of the two sweet stocks. As the yield capacities of the two stocks are 
practically the same, tins would seem to constitute a definite feature favoring 
the seedling 362 over the Oroville as a sweet orange rootstock for the grape- 
fruit. This indicates again that completeness of data is necessary for accurate 
judgment of the performance of a rootstock. 

The bottom graph (fig. 86), showing the ratios of soluble solids to acids 
of the fruit on different rootstocks, indicates little variation. The two high 
ratios exhibited by trifoliate orange and Savage citrange indicate the out- 
standing quality of the fruits on these stocks, which are also comparatively 
high in total sugars and total soluble solids. The medium ratio exhibited by the 
fruits on Rough lemon seems to indicate a fairly good quality, but is somewhat 
misleading. The fruits on this stock are low in sugar and soluble solids, but 
as they are also low in acid eoirtent the ratio shows about as high as on most 
other stocks. The ratio of solids to acids is not, here, a good indication of 
quality. 

Prevalence of hrown-rot gummosis. — The experimental orchard at Brawley 
provided an opoportunity to observe the prevalence of gummosis under condi- 
tions that were extremely favorable for the development of this trouble- 
some disease: (1) the grapefruit trees were basin-irrigated and were thus 
repeatedly wet at the base of the trunk, and (2) there happened to be an 
especially virulent strain of Phyfophthora .sp. in this orchard. Data on the 
prevalence of g^ummosis were obtained in cooperation with Dr. L. J. Klotz 
during the spring of 1944. This was approximately two years after a bad out- 
break in this particular orchard. 

The data in table 15 show the effect of the different rootstocks on the 
prevalence of this disease. The total number of trees alive at the end of the ex- 
periment, and the percentage of these trees free from gummosis, are recorded 
for the several rootstocks. Trees on varieties of sweet orange stocks were 
grouped together, as there was very little varietal difference. The same was 
true of the trees on sour orange. Only 49 per cent of the trees on sweet orange 

^ The Brawley fruit was harvested earlier in the ripening period than the Riverside fruit ; 
this accounts for its consistently lower content of sugars and soluble solids. The data here 
presented should not be understood as indicative of the fruit quality typical of these two 
districts. 
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stock were free from disease, whereas 97 per cent of those on sour orange 
were healthy. The difference in the mandarin varieties was in harmony with 
previous studies (Klotz and Fawcett, 1930), the percentage of the Clementine 
variety that remained healths' being much smaller than that of the Cleopatra. 
The trees on trifoliate rootstock, on the two varieties of citranges, and on the 
hybrid, shaddock x St. Michael, were 100 per cent health}'. The trees on Rough 
lemon were comparable to those on Cleopatra mandarin, with 87 per cent 
of the trees healthy on both of those rootstocks. 


TABLE 15 

Eppect op Dipperent Eootstocks on Prevalence op Brown-Eot 
Gummosis on Sixteen-Year-Old Grapepruit Trees 


Rootstock species and variety 

Number of 
trees alive 
at end of 
experiment 
(1D44) ' 

Percentage 
of trees 
free from 
brown-rot 
gummosis 


53 

40 


50 

97 

Mandarin: 



Clementine 

13 

38 

Cleopatra 

30 

87 

Trifoliate orange 

10 

100 

Rough lemon 

31 

87 

Citrange: 



Cunningham 

10 

100 


16 

100 

Sampson tangelo 

ID 

31 

Shaddock X St. Michael, hybrid 

10 

100 


In other experiments Sampson tangelo as a rootstock continued to show a 
resistance to the ordinary gummosis caused by Phytophthora citrophthora, 
approaching that of sour orange. To the Phytophthora isolated from Brawley, 
however, and under the climatic and soil conditions there, Sampson tangelo 
proved the most susceptible of the rootstocks used. The merit of the sour 
orange as a rootstock for grapefruit is further emphasized by these observa- 
tions on disease resistance. 

Conclusions. — In considering the various rootstocks used in the Marsh 
grapefruit experiment, we conclude that the sour orange is the best all-round 
rootstock for graijefruit. Tlie trees on sour orange roots are somewhat smaller 
than those on sweet orange, but produce nearly as much fruit. The resistance 
of the sour orange root to brown-rot gummosis is an important consideration 
affecting the choice of this reotstock. In production, the African sour orange 
stock has been consistently inferior to the other varieties of sour orange used. 

Of the stocks uncommonly used in California, the Cleopatra mandarin and 
the Savage citrange merit limited commercial trial. Both are relatively resist- 
ant to brown-rot gummosis, and the Savage citrange has produced fruit of 
higher quality than the average of other stocks. 

Rough lemon stocks have produced yields comparable with those of sweet 
orange, but the quality of the fruit has been inferior to that from other stocks. 
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KOOTSTOCKS FOR EUREKA AND LISBON LEMONS 

The California rootstock experiments with Eureka and Lisbon lemons which 
are summarized here were conducted with comparable plots of trees planted 
in 1927 in two locations, at the Citrus Experiment Station, Riverside, and 
the Rancho Sespe, Fillmore. 

Both orchards included Eureka and Lisbon lemons. Soil types and climatic 
conditions in the two orchards differed, however. The orchard at Riverside 
was on Ramona sandy loam ; the one at Fillmore, on Yolo silt loam. The climate 
at Riverside is less humid, with higher maximum temperatures, than that at 
Fillmore, which is a more neai’ly coastal climate. 

The relation of rootstocks to lemon-tree decline. — These two orchards at 
Riverside and at Fillmore became of increasing interest during the five-year 
period 1939-1943, as it became evident that the rootstocks strikingly affected 
the prevalence of lemon-tree decline, as well as the yields of fruit. The problem 
of lemon-tree decline in California has persisted as a general one, especially 
in the coastal areas and in orchards growing in the heavier loam and silty 
loam soils. Now that these experimental orchards may be classed as mature 
and in full bearing, observations on them are of practical value. 

Lemon-tree decline in California has been considered from several points 
of view during the past twenty-five years or more, by investigators and by 
observant and thoughtful orchardists. The tei*m “lemon-tree decline” is rather 
generally and loosely used to describe an involved problem, any one of the 
factors of which may bring on the adverse condition. The symptoms of the 
decline are, in general, as follows. Usually at some time in the second decade 
of the growth of the orchard the affected trees show a tendency to shed their 
leaves prematurely. The remaining leaves on the trees turn yellowish bronze 
in color, but not necessarily mottled or chlorotic. The small lateral twigs 
become devitalized and die prematurely. The tops of the trees, especially, die 
back abnormally, and when these are removed by periodic pruning the top 
volume of affected trees becomes progressively smaller. New twig growth does 
not develop normally, and as a result there is a reduction in yield and the 
crop contains an excessive amount of small, “tree-ripe” lemons. These symp- 
toms are not uniformly seen throughout the orchard, and certain trees, or 
perhaps the orchard as a whole, wiU show marked improvement during par- 
ticular seasons. A relapse to the former condition is always a possibility, how- 
ever. 

The term “lemon-tree decline” may perhaps more properly be considered 
as descriptive of certain general clinical symptoms than of a specific condition 
due solely to one cause. To ascribe lemon-tree decline to any one factor is to 
oversimplify a really complex problem. 

Experience of commercial orchardists. — Decline of lemon trees has been 
studied more in Ventura County than elsewhere in the State. It was recognized 
in the earliest years of the observations of the trouble that both the Lisbon 
and the Eureka varieties were subject to decline (Newman, 1926) . The serious 
situation in Ventura County was extensively studied (Jensen, Wilcox, and 



Choice of Rootstocks 211 

Foot, 1927) in Lisbon and Enreka orchards on sour orange rootstocks. Later, 
Webber (1928) wrote concerning decline that “many old lemon groves have 
exhibited a marked decline and a critical examination seems to indicate that 
at least a part of this decline is attributable to the lack of congeniality of the 
sour orange stocks on which the trees are propagated.” Subsequent observa- 
tions (Blanchard, 1931) emphasized that “sour root stock is probably the 
greatest factor responsible for the early decline of these trees, but along with 
it is the problem of soil moisture regulation.” 

The value of having the soils thoroughly dried out in the summer before 
each irrigation, as well as the value of severe pruning of affected trees, was 
stressed by Culbertson^ (Blanchard, 1931) . According to Jensen* (Blanchard, 
1931), lemon trees on sour orange rootstock were very prone to decline in 
spite of careful irrigation, and he recommended that orchards be planted 
on sweet orange stock. 

Even though the sour orange rootstock is an important factor in the equa- 
tion, the inarching of such trees to other rootstocks failed to effect a recovery 
(Halma, 1932). A survey of a small number of orchards in the Upland area 
(Halma and Wilder, 1933 ) indicated that lemon trees on sour orange rootstock 
could be grown successfully, at least on very open gravelly soils, where both 
good and poor trees were observed to have grown to the age of twenty years 
or more on this stock. 

The tree and fruit variation of strains within the Lisbon and Eureka varie- 
ties has been observed by several investigators (Shamel, Scott, Pomeroy, and 
Dyer, 1920), and the probable influence of such variations as another factor 
in lemon-tree decline has been pointed out (Halma, 1929). 

The studies of infectious virus diseases by Fawcett (1939) suggest to us 
the possibility that such a disease as psorosis may also occasionally be a factor 
in lemon-tree decline. Foliage symptoms of psorosis, a disease transmissible 
by budding, are frequently observed in lemon trees. Fawcett (1939) states; 
“Although lemons, as a rule, are more tolerant to psorosis than oranges, never- 
theless they often seem to be badly affected, especially on sweet stock, and 
may deteriorate finally on account of its presence.” It seems probable that the 
shell-bark disease of lemon trees, which is so prevalent on the Eureka variety 
and the open-type Lisbon, is also an important factor in causing the trees to 
deteriorate and finally reach a state of decline. 

One of the limitations of past reviews of the subject by most observers has 
been lack of information concerning the identity of the several strains of 
lemon varieties. The strains and varieties, as well as the original source of the 
rootstock, varied from orchard to orchard. It was thus impossible to make 
comparisons of one factor at a time. In the rootstock experiments reported 
here, all the trees were propagated with buds from one parent tree of the 
variety. Thus in these comparisons all factors other than the rootstocks are 
constant. 

^ J ames D. Culbertson, Manager of the Santa Paula Lemon Company property at Santa 
Paula, California. 

“C. A. Jensen, Superintendent of the Limoneira Company properties at Santa Paula, 
California. 
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The results of these experiments confirm the earlier observations of many 
persons that the rootstock is at least one very important factor in lemon-tree 
decline. The problem here discussed seems specific for lemons and affects cer- 
tain strains of the Lisbon and the Eureka varieties •with about equal severity. 

Method of evaluating degree of lemon-tree decline. — The method of grading 
used in evaluating the degree of lemon-tree decline made it possible to com- 
pute readily the average extent of the trouble in any group of trees. The 
orchards were surveyed annually, or oftener, and the individual trees were 
classified as follows : 0, tree normal ; 1, tree subnormal in growth or color, at 
least in part; 2, tree subnormal in growth and color, as a whole; 3, same as 2, 


TABLE 16 

Effect op Bootstock on Lemon-Tree Decline in Eureka Lemon Orchard Planted at 
THE Sespb Ranch, Fillmore, California, in 1927 


Rootstock species 

1 

Number 

of 

trees* 

Average degree of decline^ 

Nov. 

1938 

Nov. 

1030 

Dec. 

1040 

May 

1041 

Nov. 

1941 

Average 

Sweet orange 

58 




■SI 



Sour orange 

43 






ml 

Mandarin 

38 







Grapefruit and shaddock 

29 






■19 

Rough lemon 

15 





1.20 

■B 

Sampson tangelo 

IS 

0.00 

0.07 

0.03 

0.13 

0.20 

0.09 


<■ At the end of the experiment. 

^ The degree of the lemon-tree decline hue been rated as follows; 0.00, normal trees; 1.00, subnormal in growth 
or color in at least a part of the tree; 2.00, subnormal in grow'th and color of the tree as a whole; 3.00, subnormal 
in growth and color of the tree as a whole, with dead wood and evident subnormal sise, indicating that the decline 
condition has existed for sevOTal years and is now present to an extreme degree. 


but tree also carrying dead wood and subnormal in size, these conditions indi- 
cating that the decline had existed for several years and was present in an 
extreme degree at the time of grading. 

The surveys have been made in the early winter, four or more observers 
worldng together on each survey. The data are obviously not based on exact 
measurements, but it is believed that these estimates, recorded over a period 
of several years, are a reliable index of the true situation. More than 800 trees 
were observed, and their condition was recorded annually during five or more 
years. Although the decline was first noted in 1936, when the trees were in 
their tenth year, it was not marked enough to permit tabulation until 1938. 

Effect of rootstocks on lemon-tree decline in experimental orchards. — The 
average degree of lemon-tree decline in the Eureka orchard at Fillmore, 
for various rootstocks, over a four-year period, is shown in table 16, as an 
illustration of the general observations. There was an upward trend in average 
decline during the years 1938 to 1941, inclusive. It is equally clear, however, 
that certain years were characterized by a much greater average decline than 
others, especially among rootstocks such as sweet orange, which show a partial 
resistance to this troiible. Except for a few trees, decline was notably worse in 
1939 than in 1940. 
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The prevalence of decline in May, 1941, was much greater than it has been 
at any time before or since. Tliis extreme condition followed a year of heavy 
rainfall and a period when both labor troubles and weather conditions pre- 
vented the picking of the fruit for several weeks after it was fully ripe on the 
trees. It seemed from this one casual observation that the prolonged delay 
in harvesting the fruit could have been one of the factors causing the extremely 
bad condition of the orchard. This fluctuation from year to year has been com- 
monlj’^ noted by other observers. The records for individual trees are not shown 
in table 16, but they bring out the fluctuation strikingly. For example, a 
certain tree in class 2 in 1938 had recoA-ered to normal (class 0) by 1941 ; 
another, in class 0 in 1938, was in class 1 in 1939, 0 in 1940, and 2 in 1941, and 
has since recovered to normal. Another tree which was in an advanced state 
of decline (class 3) in 1941 recoA'ered to normal in 1944. 

The average amount of decline among trees on the rootstocks of different 
species of citrus is in striking contrast in the orchard. The numerical grading 
brings out this fact somewhat less than actual observation of the trees ; the 
differences are fairly constant, nevertheleas, and the average numerical grades 
are offered as substitutes for illustrated records. It is clear from the data in 
table 16 that trees on sweet orange stock are much less subject to decline than 
those on sour orange or Rough lemon. Trees on mandarin orange and grape- 
fruit stocks are intermediate between these two extremes, Avith mandarin the 
more resistant of the two. 

The Sampson tangelo had not been used to any appreciable extent as a root- 
stock prior to these experiments. The resistance to decline of the lemon trees 
on this rootstock (fig. 87) has been in striking contrast to that of the trees on 
other rootstocks during this period of observation. Trees on Sampson tangelo 
stock began to shoAV decline later even than those on SAveet orange rootstocli, 
and to much less degree. 

The reasons why trees on Sampson tangelo root were so resistant to decline, 
at least until seventeen years of age, are not Avell understood, and nothing 
but conjecture can be offered at present. It has been fomid in some experi- 
ments that the fiber roots of Sampson tangelo are more resistant to injury by 
nitrite and also by Phytophthora spp. than are other rootstock species included 
in this orchard (IQotz and Sokoloff, 1943). 

Similar comparisons were made between trees of plots in the Riverside 
orchard over an additional two-year period (1942-1943, inclusive). The de- 
gree to Avhich the trees declined in the Rh'erside orchard, as a whole, is very 
much less than at Fillmore. Much the same relative results were observed with 
the various stocks in the Eureka plots at Riverside as at Fillmore. The notable 
exception is that the Rough lemon is much less prone to decline on the light 
soil at Riverside than on the silt loam at Fillmore. Although the Eureka trees 
on sour oj-ange rootstock haA^e not declined so much at Riverside as at Fillmore, 
the relative position, compared with the trees on sweet orange rootstock, is 
much the same. Several natural and cultural factors in the Riverside orchard 
differ from those in the orchard at Fillmore, perhaps the most basic one being 
the difference in soil. Both the Rough lemon and the sour orange rootstocks 
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are better adapted to the light, extremely well-drained soil at Riverside than 
to the silt loam soil at Fillmore. This is also in harmony with observations 
of Halma and Wilder (1935), who found healthy trees, twenty or more years 
old, growing on these two rootstocks in open gravelly soils of the Upland, Cali- 
fornia, region. 


! 



Fig. 87. Eureka lemon tree on Sampson tangelo rootstock, free from any indication 
of lemon-tree decline for more than nineteen years. 


The trees on Sampson tangelo rootstock, especially those of the Eureka 
lemon variety, have shown less decline than the lemon trees on any other root- 
stock, and seem as well adapted to the light soil at Riverside as to the heavy 
silt loam at Fillmore. This rootstock merits commercial trial for both Eureka 
and Lisbon lemons. Although only forty trees (eighteen years old in 1944) 
were used in these particular experiments with lemons, observations in other 
experimental lemon orchards planted in 1929 confirm the desirability of using 
this rootstock for lemons, at least to a limited extent, commercially. 

Average size and yield of Eureka lemon trees on different rootstocks. — ^Aver- 
age tree sizes and average annual yields of Eureka lemon trees on the various 
rootstocks at Riverside are recorded in table 17. Tree sizes were determined 
in 1938. Yield data cover a thirteen-year period, 1931 to 1943, inclusive. 
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TABLE 17 

Effect op Eootstock on Ster and Yield of Eureka Lemon Treks, 
Riverside and Fillmore, California 


Orchard^) planted in 1927 


llootstock species 
and \'ariety 

Riverside 

Fillmore 

Num- 
ber of 
trees* 

Average 
size of 
trees^ 
in 1938 
(sq. cm.) 

AveriMse annual 
yield per tree 
(pounds) 

Num- 
ber of 
trees* 

Average 
size of 
trees^ 
in 1938 
(sq. cm.) 

Average annual 
yield per tree 
(pounds) 

1931- 

1935 

1936- 

1940 

1941- 

1943 

1931- 

1943 

1931- 

1935 

1036- 

1941 

1031- 

1941 

Sweet orange: 












Koethen 

10 

268 

174 

336 

364 


mm 

228 

247 

KE9 

314 

Bessie 

15 

295 

185 

351 

377 

m 

14 


258 

373 

321 

C.E.S. seedling 302 

15 

265 

167 

314 

344 

264 

10 

221 

20S 

305 

261 

Homosassa 

10 

284 

177 

327 

338 

272 

mm 

237 

224 

314 

273 

Madam Vinous 

20 


182 

317 

335 

260 

20 

251 

251 

346 

302 

Average 




329 

353 

276 


222 

239 

344 

296 

Sour orange: 












African 

15 



249 

Kiifl 

193 

mm 


BE9 

270 

225 

Brazilian 

18 




235 

232 

15 

204 

220 

276 

261 

Rubidoux 

33 


147 


266 

236 

U 

1S2 

178 

239 

211 

A\'erage 


232 

141 

295 

249 

225 


190 

ISS 

256 

226 

Mandarin: 












Cleopatra 

mm 

BhiB 


326 

375 

252 

10 

224 

16S 

343 

263 

Dancy 

10 

255 

Bl 

247 

286 

188 






King 

KB 

283 

99 

295 

293 

219 

14 

220 


329 

272 

Oneco.. 

g 

253 


262 

290 

198 

10 

238 

103 

325 

205 

Average 


260 

89 


312 

215 


226 

190 

332 

267 

Grapefruit: 












C.E.S. seedling 343. . . . 

BEB 

233 

145 

336 

328 

2.*>7 

10 

196 

201 

327 

270 

Duncan 







mm 

2)3 

179 

257 

222 

Average 








204 

190 

292 

246 

Shaddock: 












Siamese 

BEB 

180 

61 

208 

231 

157 

in 

167 

139 

221 

184 

Rough lemon 

10 

286 

166 

357 

348 

281 

Id 

207 

258 

258 

258 

Sampson tangelo 

15 

323 

116 

301 

360 

243 

15 

264 

237 

381 

316 


o At the end of the experiment. 

^ Comparative tree size indicated by area of cross section of trunk six inches above bud union. 


The Eureka trees on sweet orange rootstocks averaged 21 per cent larger 
than those on sour orange, while those on mandarin rootstocks were inter- 
mediate between the trees on sweet orange and on sour. The trees on rootstock 
of the one grapefruit variety in the Eiverside Eureka plots averaged the same 
in size as the trees on the sour orange varieties. 

The Eureka trees on Rough lemon rootstock at Riverside averaged only 
slightly larger than those on sweet orange, while those on Sampson tangelo 
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averaged 15 per cent larger. The trees on Siamese shaddock were smaller than 
those on any of the other rootstocks tested. 

At PiUmore the Eureka trees on sweet orange were 17 per cent larger than 
those on sour orange, while Eureka trees on mandarin stocks averaged approx- 
imately the size of those on sweet orange. The average size of the trees on 
grapefruit was intermediate between that of trees on sweet orange and on sonr 
orange. The ti’ees on Rough lemon at Fillmore were considerably smaller than 
those on the same rootstock at Riverside, and averaged practically the same 
in size as the trees on grapefruit at Fillmore. Eurekas on Sampson tangelo at 
Fillmore, though larger than the trees on the other rootstocks, were about 
18 per cent smaller than those on the same rootstock at Riverside. 

Eureka trees on sweet orange at Riverside yielded a 23 per cent greater 
crop of fruit than those on sour orange, a difference which was proportional 
to the size of the trees. The yield of the trees on mandarin rootstock was prac- 
tically the same as that of the trees on sour orange, although the trees on 
mandarin stock were larger. The trees on grapefruit rootstock were the same 
size as those on sour orange, but the average yield was about 14 per cent 
greater. The yield of trees on Rough lemon rootstock was slightly greater than 
that of trees on sweet orange and averaged more than that of any other root- 
stock at Riverside. The Eureka trees on Sampson tangelo were later in coming 
into full bearing than those on sweet orange rootstock, and produced less 
fruit during the first ten years. During the last eight years of the thirteen-year 
period, however, the trees on Sampson tangelo stock approximated the yields 
on sweet orange and on Rough lemon. 

At Fillmore the Eureka lemon trees on Sampson tangelo rootstock jdelded 
more fruit over an eleven-year period than those on any of the other stocks, 
and the trees averaged larger, though not so large as those on Sampson stock 
at Riverside, which had a comparatively smaller average yield. The trees on 
sweet orange at Fillmore produced almost as much fruit as the trees on Samp- 
son tangelo, though they were about 16 per cent smaller. 

Eureka trees on sour orange at Fillmore had a yield 24 per cent less than 
those on sweet orange, while the trees on mandarin rootstock were intermediate 
between those on sour £ind on sweet. The yield of Eureka trees on Rough lemon 
stock was approximately the same as that on mandarin stock. The yield on 
grapefruit averaged less than that on Rough lemon. Trees on Siamese shad- 
dock had the lowest yield of all rootstock species and varieties tested. 

Average size and yield of Lisbon lemon trees on different rootstocks. — ^Lis- 
bon lemon trees in the planting at Riverside averaged nearly 20 per cent 
larger on sweet orange stock than on sour. (See table 18.) The trees on grape- 
fruit averaged practically the same size as those on sour, and the trees on 
mandarin rootstock were slightly larger than those on sour orange. The Lis- 
bons on Rough lemon and on Sampson tangelo were the same size and were 
slightly larger than those on sweet orange. The trees on Siamese shaddock 
were the smallest. 

Although the Lisbon trees on sweet orange at Riverside were nearly 20 per 
cent larger than those on sour orange, they yielded only 15 per cent more. 
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TABLE 18 

Envct of Bootstock on Size and Yield of Lisbon Leuon Tbeeb, 
Biveeside and Filluobb, Califoenia 


Orchards planted in 1027 


Rootstock species 
and variety 

1 

Riverside 

Fillmore 

Num- 
ber of 
trees* 

Average 
size of 
trees^ 
in 1938 
(sq. cm.) 

Average annual 
yield per tree 
(pounds) 

Num- 
ber of 

Average 
size cn 
trees^ 
in 1038 
(sq# cm.) 

Average annual 
yield per tree 
(pounds) 

1931- 

1035 

1936- 

1940 

1941- 

1943 

1931- 

1943 

trees* 

1931- 

1935 

1936- 

1041 

1931- 

1941 

Sweet orange: 












Koethen 

10 

279 

252 

439 

416 

362 

9 

271 

334 

524 

436 

Bessie 

10 

264 

251 

474 

417 

375 

9 

276 

340 

510 

441 

C.E.S. seedling 362. . . . 

10 

262 

239 

442 

336 

336 

10 

233 

267 

458 

371 

Homosaasa 

15 

288 ' 

236 

429 

350 

337 

10 

260 

263 

476 

393 

Madam Vinous 

8 1 

243 

224 

457 ; 

418 

358 

10 

269 

365 

625 

452 

Average 


270 

240 , 

446 

383 

352 , 


261 

321 

500 

418 

Sour orange: 












African 

10 

217 

191 

339 

255 

262 

10 1 

211 

314 

363 

357 

Brazilian 

15 

227 

230 

365 

308 

300 

15 

221 

Kh 

381 

346 

Rubidouz 

20 

230 

233 

420 

348 

331 

15 

215 ; 

289 

413 

357 

Average 


226 

222 

384 

314 

305 


216 

3D0 

306 

353 

Mandarin: 












Cleopatra 

10 

273 

200 


374 

336 

i 

220 

235 

407 

320 

King 

25 

226 

156 

305 

289 

246 

20 

229 

257 

458 

367 

Average 


239 


348 

313 

272 


226 

250 

441 

354 

Grapefruit: 








1 




C.E.S. seedling 343. . . 

1 10 

24S 


411 

1 414 

331 

10 

1 225 

310 

441 

380 

Duncan 

10 

207 


332 

357 

273 

15 

256 

281 

425 

359 

Average 


228 


371 

385 

302 


244 

293 

431 

367 

Shaddock: 












Siamese 

10 

201 

120 

263 

Kgs 

227 

8 

246 


400 

349 

Rough lemon 

14 

274 

266 

380 


332 

25 

238 


331 

326 

Sampson tangelo 

10 

272 

200 

370 


312 

15 

273 



381 


a At the end of the experiment. 

b Comparative tree size indicated by area of cross section of trunk six inches above bud union. 


The trees on mandarin produced 10 per cent less than those on sour orange, 
though the average tree size was larger. Lisbons on grapefruit equaled those 
on sour orange in yield, and the trees averaged the same size. Lisbon trees on 
Rough lemon and on Sampson tangelo pi’oduced somfewhat less fruit than 
those on sweet orange. The average production of the trees on Siamese shad- 
dock was lower than that of any others. 

Lisbon trees on sweet orange rootstock at Fillmore avei’aged 21 per cent 
larger than the trees on sour orange or mandarin, which were about equal 
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in size. The Lisbons on grapefruit, Siamese shaddock, and Kough lemon were 
approximately equal in size and were intermediate in size between those on 
sour orange and on sweet. Lisbons on Sampson tangelo were slightly larger 
than those on sweet orange. The Lisbons on sweet orange at Fillmore produced 
18 per cent more fruit tlian those on either the sour orange or the mandarin. 
The yield of Lisbons on Bough lemon w'as about 22 per cent less than that of 
trees on sweet orange, and the trees on Sampson tangelo averaged less than 
those on the sweet orange by 9 per cent. 

Conclusions . — Eureka and Lisbon lemon trees have been affected by lemon- 
tree decline in the plantings both at Riverside and at Fillmore. The trees on 
Sampson tangelo rootstock have been the least affected, however, and are 
nearly resistant. The rootstocks, in decreasing order of resistance for Eurekas 
at Fillmore, are as follows : Sampson tangelo, mandarin orange, sweet orange, 
grapefruit. Bough lemon, and sour orange. Although both the Eureka and 
the Lisbon lemon have jdelded equally as much fruit on sweet orange stock 
as on any other species or variety of rootstock, in districts subject to lemon-tree 
decline, there is an indication that Sampson tangelo would be the most profit- 
able rootstock over the longest period. This conclusion is based on the greater 
resistance of this rootstock to decline, and on the fact that the yields of trees 
on Sampson tangelo have increased more during the last few years, in com- 
parison with some of the other rootstocks. 

Lemons on sour orange may be satisfactory in some locations, but would be 
unprofitable under conditions comparable to those of the Fillmore district. 
A specially selected grapefruit stock of known performance may prove satis- 
factory under certain conditions, as in the more interior climatic areas and 
in well-drained soils. 

Bough lemon as a rootstock may be satisfactory under certain conditions of 
climate and soil, but should not be tried in orchards having heavy soils. 
Lemon trees on mandarin stock were not so productive, on the average, as 
those on sweet orange, but they were relatively resistant to lemon-tree decline ; 
this should justify limited commercial trial. The Cleopatra mandarin root- 
stock, especially in the latter part of the period of observations, and with the 
Eureka tops, seemed equal or superior to the sweet orange rootstock. 

ROOTSTOCKS FOR LIMES 

Lime trees have been grown mostly as seedlings. Thus there has been only 
limited experience with these trees on the different rootstocks. In southern 
Florida the lime trees which have been budded have been most commonly 
propagated on Rough lemon roots. This has been considered the best stock for 
both the Tahiti and the Mexican groups of limes. The grapefruit as a rootstock 
is also considered good (Steffani, 1934). The sour orange is not considered a 
suitable rootstock for limes in Florida (Hume, 1926). In California, however, 
sour orange stock has been the principal one used, though sweet orange root- 
stock is probably more generally favored at present. 

In the "West Indian islands the Mexican lime is being propagated on sour 
orange stock because this stock is deep-rooted and has proved resistant to 
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uprooting by hurricanes (Freeman, 1930). The Imperial Bureau of Fruit 
Production (1932, p. 24), referring to the lime in Dominica, stated: “Limes 
on sour stock have emerged unscathed from disasters of disease and storm 
that have completely laid low the seedling limes surrounding them. So well 
liave the advantages of the sour stock for limes been demonstrated that the 
use of the seedling tree has now been entirely discontinued by growers.” 

Few comparative data on yields of lime trees on different stocks are avail- 
able. In the orchards of the California Citrus Experiment Station, at River- 
side, where onh’- a few trees each of the Mexican lime are being grown on sweet 
orange, Rough lemon, sour orange, and trifoliate stocks, the comparison of 
tree size by volume of top and area of cross section of scion trunk shows the 
following order, from largest to smallest, produced by the various rootstocks : 
1, sweet orange ; 2, Rough lemon ; 3, sour orange; 4, trifoliate orange (Webber, 
1932a) . At fifteen years of age these trees still retained the same comparative 
size, with little difference between those on the sw'eet orange and those on the 
Rough lemon stocks. 

On the sour orange stock, the Tahiti, Bearss, and Mexican varieties of limes 
all show an overgrowth of the scion; with these trees on the trifoliate orange, 
however, there is a marked overgrowth of the stock. As these reactions indicate 
a lack of congeniality (see chap, ii, p. 69), and as neither stock gives a very 
vigorous growth, these two stocks may be eliminated from use with the lime 
in the United States, unless the sour orange is desired for some special pur- 
pose, as for protection from uprooting by hurricanes or against gummosis 
infection. 

From the meager data available it seems that the most promising stocks for 
the lime, under ordinary favorable conditions, are sweet orange. Rough lemon, 
and grapefruit. Of these stocks, grapefruit has been used least. 

The Florida Experiment Station (Lynch, 1942) reported the results of 
studies on the influence of rootstocks of Rough lemon, grapefruit, Cleopatra 
mandarin, bittersweet orange, sour orange, and Willow-Leaf mandarin on 
the Tahiti or Persian lime. This report indicates : “ . . . that fruits grown on 
rough lemon rootstock were of greatest weight and size throughout the growth 
period sampled, while fruits grown on the other rootstocks were generally of 
similar weight and size at any particular age sampled ; that there is a general 
difference in fruit weight and size in different years ; that the juice content 
of the fruit increased with maturity and w^as similar for the fruit from the 
different rootstocks at each sampling period ; that after the 154- to 156-day 
age period [after flowering], the juice content became either stationary or 
decreased slightly; that the percent acid content of the juice was not influenced 
either by the rootstock or bj"^ the age of the fruit as represented in the samples ; 
that soluble solids content of the juice was not influenced by the rootstocks 
tested.” 

Sweet orange evidently is the safest rootstock to use for commercial plant- 
ings of the Bearss lime in California. Rough lemon may be a desirable stock 
for the lime under some conditions, especially in gravelly or sandy soils ; it is 
not recommended for use in heavy soils containing many clay particles. 
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ROOTSTOCKS FOR OTHER CITRUS SPECIES 

The citron . — In llie ci Iron-producing sections of Italy and Sicily, this fruit 
is very largely grown from cuttings, but is sometimes propagated on the sour 
orange. In California and Florida, propagations have been made mainly on 
sour orange and Rough lemon. On the sour orange, aU varieties of citron show 
a very extreme overgrowth of the scion, and after eight to ten years the trees 
remain small and sickly in appearance ; it is evidently a very uncongenial 
stock. On Rough lemon the bud also overgrows, but the union is more nearly, 
normal and the trees are vigorous, healthy, and productive. The trees grow 
very rapidly, the wood is very brittle and, unless supports are used, injury 
from breakage is severe. Trees growing at the California Citrus Experiment 
Station from cuttings seem to be in better condition than those on either sour 
orange or Rough lemon stocks. 

Although it is commonly believed that the citron is badly injured by bark 
and root diseases, Klotz and Fawcett (1930), in their inoculation studies, 
found the citron to be more resistant to these diseases than the sweet orange, 
grapefruit, or lemon, but less resistant than the sour orange. The common 
practice of growing citrons from cuttings in the commercial producing sec- 
tions of Italy indicates that the species is probably not so susceptible to gum- 
mosis as to preclude its extensive cultivation on its own roots. In arid sections, 
especially on light, well-drained soils, propagation from cuttings would sCem 
most promising. 

The tangelo . — Tangelos grow well on all the commonly used stocks. The 
best stocks with respect to influence on size, quality, and texture of fruit have 
not yet been determined. Probably what has been stated with reference to 
varieties of the sweet orange will apply also, in general, to the tangelo. 

The kumquat . — The information available indicates that the best stock for 
all kumquat species is the trifoliate orange. Although the stock overgrows 
the scion in this combination, the trees come into fruit early, are fruitful, 
healthy, and apparently long-lived. On sweet orange stocks the trees grow 
larger than on trifoliate but are apparently unfruitful. On sour orange stock 
the growth is slow and unhealthy. 
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Chapter IV 


SELECTIOl^ OF OECHAKD SITE 

BY 

EDWIN E. PAKKEB 

M any factors influence choice of locations for citrus orchards or selection 
of orchards for purchase. Some of them are general and apply to 
choice of the wide area in which to plant ; others are of local impor- 
tance within that area. For some regions a single adverse factor may be 
decisive, but in general the weight given to any one factor or group of factors 
is relative and depends somewhat upon the degree to which all other require- 
ments are satisfactorily fulfilled. Personal tastes and the element of conven- 
ience also play a part. Hence, in the following discussion it should be borne in 
mind that, within reasonable limits, the degree to which all requirements, real 
and intangible, are fulfilled should be the basis for decision, but that fre- 
quently the relath’e weight which should be attached to each factor depends 
in some measure upon the circumstances as they are found. 

CLIJIATB 

Climate is of the fii’st importance. Beyond certain climatic zones the losses 
of trees or crops, or the impaired quality of the crops, resulting from adverse 
weather conditions are so great that the production of all citrus fruits becomes 
impossible or, at least, unprofitable. In the older, well-established citrus-grow- 
ing regions enough is known about the weather to permit rough definition 
of the boundaries of districts that are suitable for large-scale production of 
the various citrus species. Within these districts, however, there may be local 
areas where citrus cannot be grown satisfactorily, or where some species may 
be better adapted than othex'S. Conversely, the climatic factors may be so 
favorable in rather small areas outside of the larger and better-recognized 
districts that commercial production of some or all of the citrus fruits is pos- 
sible in them. 

HAZARDS DUE TO LOW TEMPERATURES 
Freezing temperatures are most decisive in limiting citrus prodxiction. 
Unless an area can be obtained for citrus planting where freezes are unknown, 
it is advisable to choose one — as may be done in many of the commercial citrus- 
producing areas of the world — ^where the damage will be infrequent and light. 
Infrequent frosts or light freezes that injure only the bloom or the crop on 
the trees are costly though xiot usually disastrous, but freezes that kill the 
branches of the trees are serious and result in loss or redixetion of the crop 
for two or more yeai’s. Such freezes may lead to permaxxent ill effects on 
the trees, particularly if they are repeated at freqixent intervals. Freezes 
yet more severe may kill the trees. Areas where serious freezes are frequent 
should, obviously, be avoided. However, in many of the established citrus- 
growing regions, such as those of California, Florida, Texas, Spain, and Italy, 
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frosts or light freezes occur in occasional years, and in the colder sections of 
some of these areas freezes infrequently kill or severely injure the -woody 
parts of the trees. 

Minimum temperatures for citrus trees. — ^In districts where light freezes 
occur, limited locations can usually be found where they do little or no damage, 
or the damage will be so slight and so infrequent that it will be counterbalanced 
by other, favorable factors. Knowledge of the effects of low temperatures on 
citrus is essential in choosing a location for planting or in purchasing an 
established orchard. 

Frost resistance of trees and foliage. — ^In a study of climatic effects the 
relative susceptibility of various species and varieties of citrus to frost injury 
should he attentively considered. Studies of frost injury in California have 
shown (Webber et al., 1919 ; Schoonover, Hodgson, and Young, 1930 ; Hodg- 
son, 1934; Young, 1940 ; etc.) that, in winter or spring, temperatures slightly 
lower than 25° to 26° P. when continued one or more hours generally cause 
injury to the foliage and small twigs of sweet orange trees, and that at tem- 
peratures of 15° to 18° P. the branches of such trees will probably be killed 
back several feet from their tips. At temperatures of 12° to 15° P. the tree is 
likely to be killed to the ground. Grapefruit trees are generally considered 
to be slightly more susceptible to injury than orange trees, and lemon trees are 
yet more tender. Injury to lemon foliage and twigs will frequently occur at 
28° F. if this temperature is maintained for an hour or longer. Lime nnd 
citron trees are even more sensitive than lemons, and damage to the foliage 
of these trees has occurred at temperatures of 30° to 31° F. The foliage and 
twigs of sour orange and of mandarin trees do not freeze at as high tempera- 
tures as those of sweet orange varieties. However, temperatures of 15° to 20° 
P., if continued long enough, will freeze trees of these species to the ground. 

There are slight differences in susceptibility between varieties of any one 
species. Among sweet orange trees, the Thomson Improved is considered 
slightly more tender than the Washington Navel orange. Among the lemons, 
those varieties which produce vigorous growth and dense foliage, such as the 
Lisbon, are considered slightly more hardy and recover from injury more 
quickly than lemon trees with sparser foliage, such as most clones^ of the 
Eureka variety. 

The degree of dormancy of citrus trees influences their susceptibility to 
freezing. Dormant trees are less injured by the same degree of cold than trees 
that are actively growing. Thus in areas that are relatively cool throughout 
the winter, or at least for some time before a frost, the trees usually suffer 
less injury than in warmer areas in which more continuous growth occurs. 
Hence, frosts occurring early in the winter before the foliage has matured 
usually do more damage than those occurring later in the winter. Likewise, 
spring frosts are more damaging than winter frosts. The presence of a crop 
on the trees is inclined to maintain the tree in an active condition and to pre- 
vent the development of dormancy. Consequently, those varieties which are 
carrying fruit at the time of minimum temperatures are somewhat more sus- 


^ I’or deiinition of horticultural varieties as clones see "yol. I, pp. 476, 837—838. 
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ceptible than those which have no fruit. Thus, Washington Navel orange trees 
in central California w'hen picked in November or December suffer less injury 
during a frost in, Januaiy or February than Valencia oi’anges which are 
bearing an immature crop at that time. In Florida, it has been shown that 
nutritional deficiencies maj* prevent dormancy and render the trees more 
susceptible to frost injuiy. This effect may be the result of reduced numbers 
of leaves, or a reduction of the rate of carbohydrate synthesis. 

It is apparent, then, that the kind of winter in a given area, and its influ- 
ence on the dormancy of the trees and the time of maturity of fruit, should 
be considered in the selection of the site and in the choice of the varieties to be 
grown. In judging the possibilities of any site, reliable records of both the 
mean minimum temperatures and the absolute minimums from year to year 
should be taken into account, particularly the occurrence of frosts in the fall 
before the trees are dormant or in the spring after they have started to grow. 

( Consult also the subsection, “Influence of Total Effective Temperatures or . 
Available Heat,” in Vol. I, p. 60.) 

Susceptibility of fruits and flowers to frost. — The fruits of citrus trees are 
usually injured at temperatures that cause damage to the foliage, and under 
some conditions they may be injured at higher ones. Eipe oranges of the Wash- 
ington Navel variety have a freezing point of 27° to 28° F. (Schoonover, 
Hodgson, and Young, 1930) ; if they are slightly immature, their freezing 
point is about a degree higher. The freezing point of mature lemon fruits is 
only slightly higher than that of mature sweet oranges (Gonzales, 1927). 
Lower temperatures than that of freezing may be endured for a short time 
without injuiy because of the lag in fruit temperature as the air temperature 
falls. The blossoms and young fruits of all citrus varieties are very tender, 
and temperatures of 30° to 31° F. for a short time may kill them. (See chap, 
xvii, below.) Although the degree of dormancy of citrus trees modifies the* 
amount of injury sustained in cold weather, the susceptibility of fruits and 
flowers is apparently little influenced by condition of the tree. 

TACTOBS AFFECTING MINIMUM TEMPEEATUBES 

The relationship of certain topographical as weU as climatic influences to 
minimum temperatures may affect the sidtability of an entire region for citrus 
production. They also haA'e great importance locally. 

Elevation and air drainage. — The temperature of a locality is affected by 
its actual elevation and by its elevation above adjacent lands. Temperatures 
decrease 1° F. for each 300 feet of increase in elevation, under ideal condi- 
tions. This is the vertical temperature gradient. Particular values are affected 
by convection currents, radiation from near-by objects, and other objects 
(Humphreys, 1929; Milham, 1918). Temperatures in the high elevations of 
mountainous regions and on plateaus are therefore colder, and thus may be 
less adaptable to citrus. It is reported (Motz, 1942) that some late-maturing 
oranges are produced in the tropical Petropolis region of Brazil at elevations 
approximating 2,600 feet. In Southern Ehodesia they are frequently grown 
at 4,000 to 6,000 feet. However, most of the commercial growing of this crop 
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is done at relatively low elevations. In the foothills of California nearly all 
the citrus crop is produced at elevations lower than 2,000 feet. In the citrus 
regions of India there is a marked adaptability of various species and varieties 
to the climate at various elevations (Gandhi, 1934). The occurrence either of 
killing freezes in winter or of frosts in early fall or late spring may limit 
the growing of citrus at the higher elevations. Frequently, also, elevation has 
an influence on rainfall and mean temperatures, as well as on absolute mini- 
mum temperatures. 

The elevation above adjacent lands is often of much more importance locally 
than the elevation above sea level and is a factor that should always be taken 
into account in choosing an orchard site. The interpretation of the effect of 
even slight differences in elevation on minimum temperatures is not compli- 
cated. During the night the surface of the earth loses heat by radiation,’ and 
the air in contact with it is cooled, becomes denser as it cools, and tends to 
flow gently to the lowest near-by areas. It is replaced by warmer air from 
above that has been less affected by contact with the ground surface. This 
movement is called air drainage. (See chap, xvii.) 

When unobstructed air drainage is possible, the effect on air temperature 
at elevated sites on clear, calm nights may be marked even though the actual 
change in elevation may be slight. A difference in elevation of only 11 feet 
has been found (Bi’adford and Cardinell, 1926) to result in a temperature 
increase of 8° F. In the citrus areas of Florida, increases of 5° F. in tempera- 
ture for a 10-foot increase in elevation, and of 13° F. for an 88-foot increase, 
have been reported (Nelson, 1940) . The effects of air drainage on temperature 
as illustrated by Batchelor and West (1915) are perhaps more typical of areas 
with less uniform topography. These authors shoAv, over a period of time 
for several stations, an average increase in minimum temperature on calm, 
' clear nights of from 6° to 10° F. with an average increase in elevation of 285 
feet. As a result of air drainage, important variations in minimum tempera- 
tures, and hence in danger of freezing, occur within short distances even 
within small orchards, as is illustrated in figure 88. Air drainage is less on 
cloudy nights, when cooling by radiation from the earth’s surface is greatly 
reduced, than on calm, clear nights ; and less, also, on windj^ nights when the 
air at various elevations is thorouglily mixed. 

Because of air drainage, low pockets in which descending cold air is trapped 
are ordinarily cold spots. They are often caused by obstructions in valleys, 
or are formed by hills, rows of high trees, or Alls, as in the orchard shown in 
figure 89. The minimum air temperature in such pockets is, as a rule, appre- 
ciably lower than that at onlj' slightly higher elevations where adequate air 
drainage exists. If the obstruction is large enough, the cold air will accumu- 
late to such a height that the higher lands will themselves be inundated by it. 

The interaction of the various effects of elevation on temi)eratures fre- 
quently results in the so-called “thermal belts.” Descending cool air is warmed 
by compression as it nears lower elevations, but at the lowest elevations air 
that has been markedly cooled by contact with the earth’s surface accumulates. 
The result is the creation of a zone at an intermediate elevation where the 




Tie 8S Effect of air drainage due to variations in elevation on frost injury in a lemon 
orchard in southern California, 1937. The trees in the foreground were severely frozen, 
while those in the background were practically undamaged. Ihe injury occurred on a culm, 
clear night. 




Fig. 89. A low orchard area in whieh cold air accumulates. It is hoimdcd o" two sides by 
highir land and on one side by a windbreak. The near side is open, but is at the bottom of 
a iradual grade down which cold air flows. This orchard requires special heating to prevent 
frost injury. 
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frost hazard is mmimized. Thermal belts are of great importance in the 
production of citrus fruits; in some regions the only suitable areas are found 
in them. They are sometimes of great extent, as, for example, the thermal 
belt on the eastern slopes of the San Joaquin Valley, in California. Although 
discontinuous, this belt is more than seventy miles long. Its width varies from 
less than a mile to approximately fifteen miles. Citrus plantings in a narrow 
part of this zone are shown in figure 90. 

Wind in relation to minimum temperatures. — Winds have marked effects 
on temperature, and a study of their effect on the production of citrus in any 
locality is important. 

Under certain circumstances, gentle winds will serve to reduce the frost 
hazard. If the temperature of the incoming air at a particular place is warmer 
than that of the air near the earth’s surface, the temperature at the ground 
level will rise. This benefit ordinarily occurs on clear nights when temperature 
inversion exists (see chap. xvii). Warming also occurs when the incoming air 
currents have previously passed over near-by bodies of water which warm 
them. In general, it can be stated that very gentle breezes frequently have 
the desirable effect of raising minimum temperatures, and that locations 
where they are prevalent are therefore desirable. On the other hand, loca- 
tions that are exposed to strong cold winds are not so desirable as protected 
locations. 

The occurrence of north wdnds at freezing temperatures have markedly 
limited citrus plantings in the Northern Hemisphere. They introduce great 
masses of cold air from colder regions and thus lower local temperatures 
appreciably ; they have accompanied most of the severe freezes in the citrus 
areas of the United States. Locations that are not in their track, or that are 
protected by natural barriers, such as mountain ranges, are therefore desirable. 
In southern California, certain large citrus areas are thus protected by the 
Sierra Nevada and the Sierra Madre. Winds diming periods of freezing greatly 
interfere with orchard heating because they introduce constantly renewed 
bodies of cold air (Young, 1938) and preclude temperature inversion. 

Exposure. — Although slopes generally facilitate air drainage, the' direction 
of a particular slope in its relation to exposure to sunlight will usually, but 
not always, modify minimum temperatures. (See chap, xvii.) However, it 
may be important as affording protection from freezing winds. 

Bodies of water. — ^Where possible, advantage should be taken of the tem- 
perature-regulating effect of large bodies of wuter. These have a great storage 
capacity for heat, which is released to cold air blowing over them. The moder- 
ating effect on air temperature is often appreciable and is of great advantage 
to orchards situated ou the lee side of the W'ater. In California the ocean has 
this effect in the coastal areas. In Florida and the Gulf States the freezing 
winds usually blow from the nortli, and the minimum air temperautfes in 
orchards to the south of lakes are often considerably higher during freezes 
than those elsewhere. The protection will usually extend a mile or so from 
the water, or even several miles, particularly if the area of the water surface 
is large or if the warmed air is trapped by ranges of hills. 




Pig. SO. A small part of the great thermal belt in the central valley of California where 
citrus trees are grown. The lower lands at the bottom of the view are too cold for these 
crops. The higher lands are too rough, and at the higher altitudes they are also too cold. 
(Photograph by Pairehild Aerial Surveys, Inc.) 
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Orchard heating in relation to selection of site . — ^In regions where heating 
is feasible, the minimum temperatures, the frequency and duration of the cold 
periods, and the practicability of raising the temperature with heaters should 
be considered. The geographical and climatic features which contribute to 
successful heating are discussed elsewhere (chap, xvii) . 

The necessity of orchard heating increases the difficulty of management 
and the costs of orchard care. Therefore, in choosing a site for a new citrus 
planting, it appears reasonable that the anticipated average annual increases 
in costs from heating operations, including interest on the investment in equip- 
ment, depreciation, fuel, and labor, should be capitalized at a fair interest 
rate, and that the amount arrived at be added to the actual costs of developing 
the orchard. The total will then give a figure which can be compared with 
similar figures for other heated or unheated sites. This type of computation 
is also desirable in comparing the values of established orchards which may 
be open to purchase. 

It is frequently observed, at least in California, that areas which are suc- 
cessfully and economically heated may be operated profitably. This is partly 
owing to the availability of suitable fuels and to the fact that the damage to 
the crop of unheated or less successfully heated orchards reduces the total 
supply of citrus fruits, which frequently results in increased fruit prices. 
Furthermore, other and favorable orchard factors may offset the disadvan- 
tages of a moderate amount of orchard heating. 

HIGH TEMPBBATTOES 

Extremely high temperatures are injurious to citrus trees. Although these 
plants can thrive under quite high average temperature conditions, markedly 
abrupt increases to extremely high temperatures result in killing of foliage, 
loss of fruits, and reduction of fruit quality. Young leaves and fruits are par- 
ticularly susceptible. All kinds of citrus are affected by abrupt and marked 
increases in temperature, but some are more susceptible than others. Valencia 
oranges and grapefruit seem more resistant than Washington Navel oranges. 
The yields of lemon trees appcjar to be somewhat less severely affected by 
sudden increases in temperature, possibly because new blooms subsequently 
occur to replace those lost. 

In the fruit-setting period, and until the fruit is about an inch or more in 
diameter, the normal shedding of young fruits during the “June drop” is 
increased to abnormal proportions by sudden increases to high maximum tem- 
peratures. The effect is more marked if the preceding weather has been cool, 
and if fruit development has been delayed, as by late blooming. Injury as a 
result of high temperatures is also greatly increased if the heat is accompanied 
by desiccating winds, or if the soil is dry. 

Before citrus is planted in a new locality, or an orchard is purchased, the 
frequency of damaging temperatures and hot dry winds should be considered. 
In the established citrus areas, data relative to the seriousness of these factors 
can usually be obtained by con.sultation of public records such as those of the 
United States Weather Bureau. 
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MEAN TEMPEEATTJBES 

Within the limits of maximum and minimum temperatures that permit 
satisfactory citrus growth, some consideration should be given to mean tem- 
peratures. Besides influencing the requirements of citrus trees for water, mean 
temperatures are important in affecting the season of fruit ripening and the 
quality of the fruit ; they will influence the selection of the variety of citrus 
that should be planted. (Consult also Vol. I, pp. 60-63.) The following 
examples may be mentioned : In the extreme coastal areas of California, lemon 
varieties thrive and bear satisfactorily, but Washington Navel oranges cannot 
be satisfactorily produced. Valencia orange trees grow well, but produce fruit 
which is below normal in flavor; eight to ten miles farther inland, the mean 
temperatures are higher and Valencia fruits are normal. Very few Washing- 
ton Navel oranges are produced even in this interior portion of the coastal 
section. However, in the hot interior valley sections both Washington Navel 
and Valencia oranges are grown on a large scale, with production of satisfac- 
tory crops of normal fruits. The sizes of citrus fruits are larger in the interior 
valleys. 

Significant effects of differences in the mean temperature are also observed 
with I’espect to grapefruit. This species of citrus has a greater heat require- 
ment than oranges or lemons, and insufficient heat results in later maturity 
and reduced fruit quality. (Compare Vol. I,pp. 73-79.) 

WINDS 

Exposure to strong winds is detrimental to citrus trees, and locations where 
winds are frequently injurious should be avoided. The mechanical effects of 
such winds ai-e obvious. The fruit is broken off or scarred, resulting in 
decreased yields and grade, and in increased decay. The loss of foliage some- 
times devitalizes the trees, reducing their capacity to set a new crop, and 
exposes the limbs and fruits to sunburning and frost injury. Winds of hur- 
ricane proportions may cause heavy losses of fruit throughout large areas 
(Anon., 1944a). They may split the trees or break off limbs. The trees may 
even be uprooted if the soil is wet. In the hurricane that swept the West Indies 
in September, 1928, hundreds of trees were destroyed (Henricksen, 1930). 
Ill many areas, winds of lower velocities do damage ; hence such areas are less 
desirable for citeus, particularly if the winds are of frequent occurrence. 

Severe damage in some citrus-producing areas is caused by hot winds, espe- 
cially when the humidity is loiv (Young, 1926) . Such winds, technically called 
“foehn” winds, frequently have descriptive local names. In the citrus areas of 
California they are sometimes called “northers” or “easters,” and in the Medi- 
terranean regions they are knowm as “siroccos” or “khamseens.” They may 
actually desiccate the leaves without blowing them from the trees (Reed and 
Bartholomew, 1930), a kind of injury perhaps more harmful than mechanical 
defoliation (Brichet, 1942, 1943) . The general observation is that use of water 
by the trees is greatly increased by foehn winds. The existence of other dele- 
terious factors such as excessive quantities of alkali salts in the soil, and of 
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conditions 'whicli restrict the activity of the roots or cause the weakening of 
the trees (such as the activities of certain pests) , will increase the severity 
of injury done by desiccating winds. 

In the coastal areas, cool humid breezes from the ocean are sometimes detri- 
mental to citrus trees. Blanchard (1934) has described a reduction of tree 
size and yield (Eureka lemon trees) near the coast in Ventura County, Cali- 
fornia. The winds there are not strong enough to cause mechanical injury to 
the fruit or leaves. 

When harmful winds occur, varying degrees of protection are afforded by 
windbreaks of tall, dense-foliaged trees placed a,t an angle to the direction 
from which such winds customarily blow. In some locations, windbreaks are 
most desirable. However, certain disadvantages accompany their use. The 
windbreak trees occupy land that would otherwise be planted to citrus trees, 
cause some shading of adjacent trees, and interfere somewhat with orchard 
operations. Their roots compete for moisture and nutrients with the near-by 
orchard trees; the windbreak rows should ordinarily be irrigated and fer- 
tilized to reduce this competition. The roots of windbreak trees, which may 
extend a distance of four or five trees into the orchard, are sometimes pruned. 
This is a rather expensive operation and has to be repeated at intervals. It is 
not always entirely sueoessf ul, as some deep roots may escape the cutting tools. 
Extremes of temperature are sometimes accentuated locally by Avindbreaks 
as a result of the shade they cast and because of their interference with normal 
air movement. Although their net effect may be profitable in a particular 
orchard, it is evident that the use of windbreaks is not an unalloyed blessing. 

BBLATIVB HUMIDITY 

The desiccating effect of winds under conditions of very low humidity has 
been mentioned. There may be some drying of the foliage and loss of crop 
when the humidity is very low and even though the wind is not excessive, 
especially if there has just been a period of high humidity. At such times the 
growth of trees and of fruit is temporarily checked. Abrupt decreases in rela- 
tive humidity to a very low percentage are therefore considered detrimental. 

The requirements of the trees for soil moisture are greatly affected by rela- 
tive humidity. The quantity of irrigation water needed, and the methods of 
irrigation, are infiuenced by differences in this climatic factor. 

Humidity also regulates the incidence and importance of certain pests and 
diseases of citrus trees and fruits and is an important factor governing the 
distribution of some of them. The conditions of atmospheric humidity do 
not, however, affect all diseases and pests alike, since some seem to be favored 
by arid and others by humid conditions. As a result, citrus culture is practiced 
commercially in regions of both high and low humidity. However, regions in 
which the fluctuations in humidity are not excessive are considered the more 
favorable. 

EAINFALL 

In many citrus regions of the world the amount and annual distribution of 
rainfall are such as to supply a sufficiency of water for the trees at all seasons. 
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In semiarid citrus regions the rainfall commonly averages from five to twenty 
inches, not enough for the needs of citrus trees in those areas. Moreover, the 
rains may occur at seasons when the water requirements of the trees are least. 
Citrus soils in such areas must therefore be watered by artificial means. Atten- 
tion should be given to the seasonal distribution of rainfall in judging its 
effectiveness. Some places, such as Ceylon, may require irrigation at some sea- 
sons although the total annual rainfall may be as much as sixty inches (Par- 
sons, 1932). In Florida, where the rainfall approaches this amount, most of 
the rainfall occurs in the summer months, and in some years the amount that 
falls in winter and spring, is insufSeient. 

When considering the planting of an orchard, or the purchase of one which 
has been planted, it is prudent to estimate both the water requirements of the 
trees and the losses of water from the soil in any particular area. (For the 
factors that affect the amount of water required for raising citrus trees, 
see chap, x.) This study should he carried out for each season of the year. 
The average total rainfall and its seasonal distribution should then be deter- 
mined and set opposite the data for water requirements. Variations in rainfall 
from year to year should be considered. A comparison of the two sets of figures 
will indicate whether irrigation is necessary and at Avhat season. The experi- 
ence of growers of citrus, and of other crops in the vicinity, is also of value in 
determining the probable water requirements and in making provisions for 
meeting them. 

An analysis similar to the foregoing should also indicate whether excessive 
amounts of rainfall occur that might be unfavorable for tree health or an 
inconvenience in orchard operations. The health of the trees is likely to be 
affected by soils in which percolation is slow or where water tables may develop 
within the root zone. Such conditions can seriously affect the crop (see below) . 

SOILS FOR CITRUS TREES 

Tlie soil requirements of citrus trees, like those of other fruit trees (Chan- 
dler, 1925, 1942 ; Gardner, Bradford, and Hooker; 1939) , are in some respects 
more exacting than those of annual crops. Soils that support satisfactoiy or 
even excellent growth of annual crops may be entirely unsuited for good 
growth of citrus. The chemical constitution of the soil may be unfavorable. 
It is the physical characteristics of the soil, however, that generally are of 
more importance. The researches of Cannon (1925) and of Girton (1927) 
have demonstrated that citrus roots have a rather high requirement of oxygen. 
Other studies indicate that a supply of available oxygen in the soil is necessary 
for the metabolic processes of plant roots and for the absorption of water 
and nutrients. Available oxygen also favors the presence of a beneficial soil 
flora. Physical conditions that permit adequate aeration of the soil in the root 
zone are therefore essential. 

It has been generally observed that the lateral spread of the roots of citrus 
trees is greater than the spread of the branches. Mills (1902) found that the 
roots of a nine-year-old orange tree extended 18 feet from the trunk. Older 
trees have been found with roots more than 22 feet from the trunk. The 
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majority of the roots are generally found in the top 3 feet of soil, with the 
greater concentration in the top 2 feet. Studies of the amount of water removed 
from soil by roots indicate that root activity is also greater in the upper soil 
horizons, but that some water is removed from lower depths. The root systems 
of citrus trees, like those of other fruit trees (Chandler, 1925, 1942; Eogers 
and Vyvyan, 1934) , are ordinarily more extensive in light soils than in heavy 
soils ; in light soils occasional roots have been found at depths below 15 feet. 

Inferior growth of citrus trees may result from unfavorable conditions in 
the entire root zone, or only in part of' it. The effects of poor aeration, with 
consequent impaired functioning of roots, in the lower depths of the root zone 
are not usually evident until the trees are fairly large, or until heavy rainfall 
or excessive irrigation displaces an undue proportion of the oxygen in the 
pore spaces of the soil. Favorable aeration throughout the entire root zone is 
therefore desirable. It is also important that favorable soil conditions be per- 
manently maintained, since temporary unfavorable periods, such as those 
brought about by the flooding of soils, may result in damage or even death 
of the trees. 

PHYSICAL CHAHAOTERISTICS OP SOILS 

Attention has been directed to the importance of the physical nature of 
soils as affecting aeration and the depth of rooting. The physical characteris- 
tics are determined by the size of the soil particles (texture) , the positional 
relation of these unit particles to one another (structure) in the various strata 
or horizons of soil, and the relations of the strata to one another (profile char- 
acteristics) . These factors determine the total pore space and the size of the 
pore spaces through which water and air must move in the soil. They thus 
regulate the rate of drainage of free water throughout the soil mass. 

Drainage and depth of soil . — ^No single characteristic of good citrus soil is 
more essential than good drainage. "Without satisfactory drainage, accumula- 
tions of free water in the root zone result in a lack of aeration and injury to 
the roots, followed by a consequent reduction in root activity and possible 
toxicity. The roots may be rendered more susceptible to infection. Lack of 
drainage results in undesirable chemical changes in the soil and in the increase 
and activity of harmful soil organisms. These effects may Tower the vigor of 
the trees or even cause their death. Damage may result from a single flooding 
of the root zone. Experience in Florida (Hume, 1934; Scott, 1928 ; Vosbury 
and Robinson, 1929), Texas (Friend, 1933; Hidinger, 1911; Parkes, 1932; 
Potts, 1924), Ceylon (Parsons, 1932), South Africa (Powell, 1930), and other 
regions, emphasizes the value of deep, well-drained soils for citrus culture. 
Shallow soils with impervious subsoils which restrict the root distribution of 
the trees and in which free water accumulates should therefore be avoided. 
Even in semiarid regions, occasional rainstorms, lateral seepage, or unwise 
in’igation can cause accumulation. In regions of heavy rainfall the use of 
shallow soils of this type is particularly hazardous. A soil which is not suitable 
for citrus growing is shown in figure 91. Here, a shallow clay surface soil over- 
lies a cemented sandstone substratum. Exceptions do exist, as near the coa.sts 
of Florida, where excellent orchards grow above water tables that are rather 
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constantly maintained at two or three feet below the surface; hut special 
procedures in orchard management are then necessary. In semiarid regions 
there are rare orchards growing on slightly less than three feet of good soil. 
These conditions are hazardous, however, and imply rapid lateral movement 
of water in the soil to a near-hy point of removal, or fractures in the subsoil 
that permit drainage. Carefully controlled cultural practices are advisable 
for shallow soils; the installation of drainage ditches or tile drains may be 
necessary. Low areas where water accumulates as a result of surface or sub- 
surface drainage are almost always unsuited to citrus production, because 
of the probabilits' that high water tables will periodically develop. In figure 92 
is showni an example of the harmful effect on lemon trees of the lateral move- 
ment and accumulation of water upon an impervious subsoil. Here, an impervi- 
ous stratum exists about two and one-half feet below the surface. Water 
movement of this type may extend for some distance. Its probability can 
usually be established before the orchard is planted. Examinations made in 
the rainy season are most likely to be helpful. 

In residual soils the depth of soil that is satisfactory for the growth of citrus 
roots may be limited by the presence of the parent rock from which the soil 
was formed. In old alluvial soils the presence of a cemented stratum may have 
the same effect. Such areas of shallow soils should be planted to orchards only 
after thorough examination. Areas where the limiting material is not decom- 
posed or fissured to such a degree as to permit adequate water movement 
through it should not be used. Occasionally, hardpan layer’s may be thin 
enough to permit partial destruction by blasting with dynamite when the 
soil is dry. Preliminary examination and tests should indicate whether blasting 
would be effective. 

Since the effects of free water within the root zone are so serious, the pos- 
sible existence or formation of a water table should be studied in most lands, 
even in those which have a definite slope, and especially if the location is at 
about the same elevation as that of near-by bodies of water. Irrigation and 
drainage ditches that are not waterproofed sometimes create water tables 
in the lands near them. If water tables are found, it is sometimes possible 
to intercept the flow creating them, or to low'er them by drainage with open 
ditches or by tile drainage, provided adequate outlets can be obtained. Perched 
water tables are occasionally formed when a fine soil overlies a soil of ver 5 ' 
coarse texture and when the line of contact between the two is sharjjly defined. 

Types of soil . — Soils possessing a rather uniform profile within the normal 
root zone are usually the most satisfactory for citrus-tree performance since 
water movement is not impeded in them by variations in texture. Eoot develop- 
ment is also more uniform in them. Unifonnity of soil throughout the orchard 
greatly facilitates cultural operations, particularly irrigation. 

Soils of very coarse texture are sometimes to be avoided ; they are commonly 
low in organic matter and hence in native fertility. Furthermore, coarse soils 
leach readily and require a carefully regulated fertilizer program. Their low 
moisture-holding capacity may also be objectionable, particularly if rainfall 
is sporadic or where frequent irrigation is not practical. However, the efB- 
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rig. 91. Cross section of a clay soil iinsuitable for growing citrus trees. The surface soil 
is compact and movement of free water through it is slow. The subsoil consists of sandstone 
and resists water penetration. For sonic time after rains, water may be observed seeping 
from this soil at tho point of contact between the clay and the sandstone, about eighteen 
inches from the surface of the soil. 
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eiency of irrigation •will probably be low, owing to rapid percolation of water 
below the root zone, and frequent applications of water will be necessary. 

Conversely, there are serious objections to clay soils. The aeration of such 
soils is poor, owing to the small size of pores in them, and the roots may suffer 
for lack of oxygen. Root distribution in these soils is usually restricted, and 
trees may never reach normal size. The cultivation of clay soils is difficult and 
must be carefully carried out in accordance with the characteristics of the 
soil and its moisture content (Surr and Batchelor, 1926) . Further problems of 
soil moisture may arise as a result of the high moisture-holding capacity and 
slow drying out of such soils. The wet condition of the soil over prolonged 


TABLE 19 

Average 'yiELDS op Orange Trees on Dipperent Boil Types 
(After "yAiLE, 1924) 


Type 

Yield in lbs. per acre by climatic zones 

Coastal 

Intermediate 

Interior 

Sand — very light 

14,400 

13,700 

11,400 

Gravelly sandy loam and sandy loam— light. . . 

20,100 



Fine sandy loam — medium 

21,200 

^VtSjiiSiS^H 


Loam— heavy . . 

19.600 



Clay loam — very heavy 

16,000 

17,000 

111 


periods greatly increases the chances of infection with gummosis and root-rot 
diseases of the trunks and roots, and special attention must be given to methods 
of irrigation and to treatments designed to minimize this influence. The use 
of disease-resistant rootstocks is ordinarilj'^ important in heavy soils. 

The clay soils that crack upon drying (the adobes) present special problems 
in handling. In these soils of very high water-holding capacity, cultivation 
and the regulation of soil moisture by irrigation are critical operations. The 
usual practice in California is to allow the soil to crack before irrigation, thus 
permitting a periodic aeration of the lower depths as weU as a satisfactory 
penetration of water. The difiSculty of controlling water movement, and the 
limited root distribution which occura in such soils, further complicate their 
management. Many adobe soils produce only small or moderate crops of citrus 
fruits and could more profitably be applied to other uses. 

Between the very light soils at one extreme and the heavy claj' and adobe 
soils at the other, there are a great number of soil types that are satisfactory 
for the production of citrus trees. This is well illustrated by the results of the 
extensive survey of factors affecting yields of irrigated orange trees in three 
climatic zones of California conducted by Vaile (1924), which are presented 
ill table 19. The results indicate that the yields in each climatic zone are almost 
equal in the three soil types — flight, medium, and heavy. Reductions in yield 
resulted, however, when trees were grown on very light or on elay soils. Similar 
results were obtained in a survey of a more limited area by Paiker, Rounds, 
and Cree (1943). 
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CHEMICAL CHABACTEEISTIOB OF SOILS 

Fertility . — The fertility of citrus soils appears, within limits, to be less 
important than the physical characteristics just discussed. In this respect 
citrus trees do not differ from deciduous fruit trees (Oskamp and Batjer, 
1933) . Yet, if drainage and other physical factors are equal, a naturally fertile 
soil has a great advantage over an infertile one, and is to be preferred. Funda- 
mental differences in the fertility of soils used in citrus culture exist under 
different climatic conditions and are affected by previous use of the land. 
Fertility experiments indicate that the fertilizer program should be adapted 
to the local conditions. Information on effective methods of fertilization in 
the various citrus areas of the world is gradually accumulating. (See chap, 
vii.) Unfortunately, no chemical methods are available by which the relative 
fertility of closely similar soils can be determined exactly. Application of the 
results of chemical analysis may nevertheless be valuable : an analysis may 
indicate ample amounts of certain nutrients or harmful concentrations of 
various elements or salts. 

Much can be learned of the fertility of a soil by observing the type and 
vigor of growth on it of native or cultivated trees and shrubs. Where these 
are luxuriant, the probabilities of a satisfactory fertility level are good, 
although some knowledge of the types of soils favored by particular groups 
of plants may be desirable. 

Soil reaction and nutritional deficiencies . — ^Within rather wide limits the 
acid or allcaline reaction of the soil, as indicated on the pH scale, is not of itself 
a very important factor in California citrus growing. Satisfactory crops are 
produced on various soils ranging from about pH 5 (very acid) to about 
pH 8.5 (very alkaline). On many soils the adjustment of pH by the addition 
of agricultural minerals (soil amendments) within this range has not affected 
the trees (see chap vii). However, in some soils, as for example the sandy 
soils of Florida, which have very low base-exchange capacities, the availability 
of plant nutrients varies with their reaction. Camp (1943), Peech (1941), 
and Jamison (1942) indicate that in those soils pH values between 5.5 and 6.0 
are the most favorable. They find that lower values (greater acidity) increase 
the solubility and leaching of calcium, magnesium, and other bases and that 
higher values (less acidity) decrease the availability of the minor elements. 
In the soils they mention, the desired pH is readily obtained by the application 
of certain minerals such as dolomitic limestone and acid-forming fertilizers 
(Camp, 1939). Adjustment is more difficult and now appears to be of less 
importance in most citrus soils. 

In many soils, moderately alkaline reactions (pH 7.0 to about 8.3) appar- 
ently decrease the solubility of certain plant nutrients in water (Allison, 1931 ; 
Chapman, 1934) but may not decrease their availability to plants. However, 
high alkalinity, at pH values of 8.5 or greater, usually indicates the presence 
of excessive amounts of sodium salts. Soils containing from 2 to 4 per cent, or 
more, of lime (calcium carbonate) may also have a pH of 8.5. In such highly 
alkaline soils the availability of the minor elements may be greatly decreased. 
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and symptoms of their deficiencj- may deA'elop. Among these, iron deficiency 
is the most difficult to correct. In many locations, lime-induced chlorosis re- 
sulting from iron deficiency is a limiting factor in citrus production. 

The growth of annual plants is rarely a good indicator of high lime concen- 
trations or the availabilitj’ to citrus trees of the minor elements. Sometimes 
the application of a dilute acid, such as lemon juice, to a sample of soil indicates 



Fig. 93. A eliallow, heavy soil underlain hy limestimc. This soil has a high moisture- 
holding capacity aiid is quite alkaline. Iron-deficiency symptoms develoj) on citrus trees 
grOANTi on it. 

by effervescence (the evolution of carbon dioxide gas) tlie presence of large 
quantities of carbonates. Examination of the soil, particularly of the subsoil, 
for the presence of strata or local areas which are rich in lime is desirable. 
Figure 93 illustrates a soil having a mai-ked stratum of limestone close to the 
surface. Such a soil, highly alkaline and deficient in iron, is entirely unadapted 
to the growing of citrus trees. 

SjnniJtoms of the deficiency of the minor elements, especially zinc, copper, 
and manganese, occur in acid as well as in alkaline soils (Camp, Chapman, 
Bahrt, and Parker, 1941). Methods of correction are, however, available and 
hence these deficiencies are not now regarded so seriously as lieretofoi-e (Coit, 
1915). 
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Toxicity due to alJcalinity and salinity. — Citrus trees are particularly sensi- 
tive to high concentrations of salt (see Vol. I, p. 757), and soils -which contain 
them should usually be avoided. Such soils commonly contain excessive 
amounts of sodium (these are the “black alkali” or “alkali” soils), or of the 
chlorides or sulfates of calcium and magnesium (the “white alkali” or “saline” 
soils) . With rare exceptions, as where lands of humid regions are invaded by 
sea water, harmful concentrations of salt constitute a problem of arid or 
semiarid regions. Salts seldom accumulate as a result of the weathering of 
soil particles in place. They are generally concentrated by evaporation from 
ground water tables or from ponded surface water. Irrigation water is a very 
common source of salt (see below). Failure to obtain leaching, owing to in- 
sufficient rainfall, unfavorable irrigation practices, or — ^most commonly — to 
poor drainage, ultimately results in accumulations. The importance of satis- 
factory soil permeability and of the absence of a high water table, both of 
which factors are essential for adequate soil drainage, cannot be too strongly 
emi)hasized (Hayward and Magistad, 1946). 

The harmful effects of salt concentrations may be attributed, in part, to 
increased osmotic concentration of the soil solution — an effect which reduces 
the ability of plants to extract water from the soil. The degree of salinization 
which contributes to this effect can be estimated by laboratory methods 
(Richards et al., 1947). The various salts and their ions differ, however, in 
their specific effects (see Vol. I, chap. vii). Boron is very toxic in relatively 
low concentrations. Chlorides are also more toxic than many salts, and chloride 
injury is observed in parts of many irrigated regions. Special consideration 
should be given to sodium because of its relation to the formation of black 
alkali and to the permeability of the soil. When the clay fraction of a non- 
saline soil has adsorbed an unduly large proportion of sodium and the pro- 
portion of adsorbed calcium and magnesuun is correspondingly low (all values 
being expressed in terms of the total exchangeable bases), the soil structure 
deteriorates and the permeability of -the soil is reduced, if not destroyed. 
Affected soils are frequently dark in color and have pH values between 8.5 
and 10. 

Careful inspection of the soil, the native vegetation, or the cultivated crops 
will frequently indicate the presence of excessive quantities of salts. Chemical 
analyses of the soil and of the irrigation water are more reliable, however, 
and shoiild be made in all doubtful cases. Analyses of citrus leaves sometimes 
provide information. 

Salty soils can be reclaimed under certain conditions (Kelley and Brown, 
1934; Richards et al., 1947) if soil drainage is adequate. Reclamation, and 
loss of use of the land, may, however, prove costly. The most efficient reclama- 
tion requires the technical knowledge of the drainage engineer and the assist- 
ance of the soil chemist. 

PLANTS AS INDIOATOES OP SOIL ADAPTATION 

In areas where citrus trees are growing, tlie vigor and productivity of the 
orchards provides perhaps the best index of soil conditions. The condition. 
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production, and longevity of trees should be determined. Examination should 
be made for characteristic symptoms of nutritional deficienees or excesses. 

However, rather close correlations often exist between the tj^pes of native 
plants on certain soils and the adaptability of those soils for citrus. In Tulare 
County, California, live oak trees (Quercus agrifolia) do not grow on the 
soils derived from certain types of basic igneous rocks. Such soils are predomi- 
nantly very heavy, poorly aerated, and are not well adapted for citrus growing. 
However, native oaks grow abundantly on the soils derived from granitic 
sources, which have better physical characteristics and produce excellent 
citrus trees. 

Ill Florida, citrus soils have long been selected on the basis of the native 
growth (see Vol. I, p. 80). The classifications of Hume (1934) and of Peech 
(1939) are particularly valuable as indicators of the drainage characteristics 
of fertility levels of the virgin soils of that state: 

TOPOGEAPHY AND SOIL IJNIPOEMITY 

The topography of the land used for citrus culture is of importance in 
orchard management as well as in its effect on air temperatures. Where the 
land is steep its susceptibility to erosion will probably be excessive. As the 
surface soil is best adapted to the growing of plants because of its greater 
fertility and usually better physical condition, its removal by erosion is detri- 
mental. The selection of level lands or lands with only gentle and uniform 
slopes is desirable. If the slope of the land indicates that erosion is likely to be 
troublesome, the tree rows should be planted on the contour, or possibly plant- 
ing on terraces will be necessary. Figure 94 illustrates one effect of erosion in 
a lemon orchard. The removal of moderate quantities of surface soil and the 
deposition of large amounts of alluvium about others is clearly evident. The 
topography will also affect the selection of an irrigation system, and may 
require the installation of pipe lines or permanent ditches to caiTy away 
the runoff water resulting from rains or irrigation. 

The possibility of flood damage by overflow of -water from adjacent lands 
and highways should also be taken into account ; many orchards have suffered 
serious damage from this cause. Information on rainfall characteristics should 
be obtained, especially the occurrence of exceptionally heavy storms, ajid 
natural drainage channels should be located. 

An example of an orchard site selected with foresight and carefully planted 
so as to take advantage of natural drainage channels is showTi in figure 95. 
The channels divert flood-waters which arise outside the orchard area, and also 
carry away those surface waters which collect in the orchard itself. The orchard 
is planted along contour lines where the slope of the land made this plan of 
planting desirable. Even -when irrigated land is not so steep as to require con- 
tour planting, it is desirable to divide it into blocks in which the irrigated 
rows have a desirable slope, irrespective of directions, as illustrated in figure 96. 

Surface soils and subsoils should be carefully investigated before planting 
is begun, to determine whether they are satisfactory in type, depth, and oppor- 
tunities for drainage of excess -w'ater. Soils that are not reasonably uniform 
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within an area selected for planting complicate orchard plans and operations, 
particularly if the variations are pronounced within small blocks. Extreme 
variation in soils results in trees that are markedly variable, as is shown 
in figure 97. Here, very sandy areas traverse several small orchards, and result 
in small trees and low yields because the management practices cannot be 
adapted to all the soil conditions. The nature of the soil in high and low spots 
should be considered carefully in relation to cultural operations. Soil augers. 



rig. 95. Orchards well protected against erosion. Drainage ditches adjacent to and within 
the orchard and the contouring of the planting minimise danger of erosion within the 
orchard. Windbreaks reduce damage by strong winds. (Photograph by Fairchild Aerial 
Surveys, Inc.) 

soil tubes, or shovels are needed for making the examinations, which should 
extend to depths below the penetration of most of the citrus-tree roots. Deep 
cuts in the soil, made at some prior time for railways, highways, pipe lines, or 
similar purposes, help to show the soil profile. 

These procedures not only aid in the selection of locations satisfactory for 
planting, but frequently give much information on the most successful meth- 
ods of planting and management. Detailed examination of the soil assists 
greatly in determining the adaptability of the land for irrigation and the 
necessities of laying pipe lines. All these factors influence the co-st of develop- 
ment and maintenance of an orcl)ard, as well as its satisfactory performance, 
and it is important to have definite information about them in advance. 
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Pig. 96. Orange orchard planted on land sloping gently in several directions. (Photograph 
by Fairchild Aerial Surveys, Inc.) 






Fig. 97. Variations in size of orange trees due to strips of very sandy soil 
u’liicli traverse several orcliards. The larger trees are on sandy loam soil. Tlie 
change in soil type has made satisfactory irrigation of all areas very difficult. 
(Photograph by Fairchild Aerial Surveys, Inc.) 
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OBTAINING INFORMATION ON SOILS 

The importance of soil factors for successful production of citrus trees indi- 
cates the advisability of obtaining reliable information on soil conditions 
before a site for an orchard is finally selected. In the United States, the agri- 
cultural literature of the state, and the soil maps of the region, should be 
examined. The soil maps are prepai’ed by government agencies and contain 
much valuable general, and often specific, information about the character- 
istics of soils. The literature on this subject is usually available in public 
libraries and through the agencies of departments of agriculture and of uni- 
versities. The Farm Advisors or County Agricultural Agents should also be 
consulted on the eharaetei-istics of various local soil tyjjes and their adapta- 
bility to citrus gTowing. The usefulness of soil surveys and personal inspection 
in judging the value of laud for future planting can sometimes be more clearly 
established by the use of an index which integrates the physical and chem- 
ical properties of a soil so far as thej’ affect the growth of agricultural crops. 
An example of such an index has been prepared by Storie (1933), and has 
been extended to large areas of Califoniia by Weir and Storie (1936). The 
judgment of farmei’s and of officials of farmer organizations who have had 
experience with various soil types in the region should also be sought. 

PROBLEMS OP IRRIGATED AREAS 

In citrus regions of deficient rainfall a sufficient supply of water of satis- 
factory quality is necessary to supplement the normal precipitation. This 
water supply must either be developed on the property or delivered to it by 
appropriate pipe lines or canals. Several problems at once suggest themselves 
■for consideration. 

ADAPTABILITY OF ORCHAED SITE TO IRRIGATION 

The future orchard must possess such characteristics as will permit it to be 
irrigated successfully. The importance of various soil characteristics in this 
respect has been discussed above. These determine the ease of the penetration 
and movement of water in the soil, as well as the soil’s reteutiveness of water. 
The relations of the topography of the land to the method of irrigation, and 
hence the planting plan of the orchard, have been discussed briefly. Addi- 
tional comments are given in chapter v. 

WATER FOR IRRIGATION 

Wells and surface streams are the two common sources of w'ater for irriga- 
tion. In many of the arid regions the flow of streams is seasonal, and it is 
necessary to impound stream water in surface or subterranean reservoirs in 
order to conserve the supply and to have the water available when needed. 
Long pipe lines or ditches may be necessary to deliver water to the place 
where it is to be used, and many farms may be served by one water system. 
For these reasons the development of irrigation water is often undertaken by 
associations or corporations, which are usually regulated by law. 
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The supply of irrigation water in many regions is insufficient to supply all 
the land that might be irrigated, and its value is therefore high. The gradual 
increase in demands for water has frequently resulted in complicated legal 
situations. It is important that the legal right to use an adequate amount of 
irrigation water should be established at the time of selecting an orchard loca- 
tion, in order to avoid risks of loss or litigation in later years. 

Quantity of water . — The supply of water should be adequate for all imme- 
diate and future needs of the citras trees and for any intercrops that maj-^ be 
gi’own with them. The total demand upon the irrigation system should be 
worked out in advance, and an estimate should be made of the supply of water 
available to meet such demands in future j'ears. 

The water requirements of mature citrus trees are influenced by tempera- 
ture, wind, and humidity. Variations in these factors may result in important 
differences in districts not far distant from one another. In the coastal zones 
of California the annual irrigation requirement is customarily 10 to 12 acre 
inches. In the zone about forty miles inland the requirement is 30 to 40 
acre inches. The amount of vvater lost by suifface runoff and deep percolation 
varies with topography and soil type, the nature of the irrigation sj’-stem used, 
and the efficiency of the indi%'idual irrigatoi*. The moisture-holding capacity 
of the soil, the age of trees, the density of planting, and the growing of inter- 
crops are also factors of importance (see chap, x) . 

The vaiying requirements for irrigation water in different seasons of the 
year are marked, and the grower should make eertain that the irrigation 
system is adequate for supplying the peak demand. 

Quality of irrigation water . — ^Wherever irrigation is practiced, the quality 
of the water is of the utmost importance. Use of waters containing an appre- 
ciable quantity of salts may restilt in accumulations in the soil that reduce 
the 3 deld of citrus trees (see Vol. I, pp. 757—762). Nevertheless, no definite 
limiting concentration of salts in irrigation waters can be established that 
will applj' to all situations. It depends upon the natiu’e of the salts and the 
resulting balance reached between the quantit.y of salts applied and the 
quantity lost by leaching, as well as the climate and the siisceptibility of 
the type of citrus grown. Grapefruit trees are usualK' more tolerant than 
orange trees, and the latter are more resistant to high salts than lemon trees 
(Kelley and Thomas, 1920). The climate determines the amounts of water 
used b,y trees and cover crops and the losses bv evaporation from the soil, as 
well as the rainfall, and hence the quantity of irrigation water which must 
be applied. The quantity of irrigation water used, as u’ell as its quality, regu- 
lates the amount of salts applied. Leaching is favored bj"^ permeable soil, 
absence of a free water table, good distribution of an adequate quantity of 
irrigation water, and especiallj- b.v the annual amount and distribution of rain- 
fall, which is the most effective leaching medium. 

Salts containing harmful amounts of sodium and chloride are most fre- 
quently found. Concentrations of chloride greater than 150 to 200 p.p.m. may 
generally be regarded as excessive. Lower values maj^ be dangerous if the 
soil is pooi'ly drained. Large propoidions of sodium are especially harmful 
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in soil and irrigation water. Excess quantities of this element tend to defloc- 
culate the soil and decrease its permeability. Irrigation waters containing 
more sodium than the sum of calcium plus magnesium (the so-called “soft” 
waters) are considered potentially more harmful than those in which the 
sodium is in less quantity than the sum of calcium plus magnesium (the 
“hard” waters) , especially if the soil noimally contains much sodium and is 
low in calcium (Kelley and Brown, 1934). Eatios of sodium to calcium plus 
magnesium in the irrigation water greater than 2 to 1 may be expected to 
result in an accumulation of sodium in the soil (Kelley, 1940). 

Other elements may occur in toxic concentrations in irrigation waters. 
Boron is one of the more important (Kelley and Brown, 1928; Eaton, 1935a). 
Concentrations of boron as low as 0.5 p.p.m. may cause severe injury to all 
citrus (Kelley, 1940; Eaton, 19356); lemon trees may be injured by water 
containing 0.3 to 0.4 p.p.m. Orange and grapefruit trees are slightly more 
tolerant. Since boron may accumulate in soils over a period of years, especially 
if soil drainage is impaired, it would be prudent to regard with suspicion any 
concentrations of boron greater than 0.25 p.p.m. in irrigation water. 

The chemical analysis of irrigation water is valuable in determining its 
suitability, since by this means the presence of harmful concentrations of 
the elements can be determined. Practical experience in a specific area and 
the observation of results obtained in existing orchards provide the best 
background for estimating the suitability of waters of different analysis. 

COST OF IBEIGA.TION WATEB 

The costs of water for irrigating citrus trees vary greatly. In established 
citrus-growing regions, such as California, where irrigation is practiced, water 
is most frequently obtained through membership in a company or association 
which provides and distributes it to the members’ properties. Membership 
entitles the holder to a legal right to the use of a certain amount of water 
or a certain proportion of the total amount available. The market value of 
the stock of suck companies fluctuates, varying from about $10 to $350 or more 
per acre. Investment in a water right of this kind should be regarded in the 
same manner as the investment in the land. In fact, the two should be con- 
sidered together. 

In addition to the capital investment in the water right, annual charges 
may be expected for a proportionate share of the maintenance, depreciation, 
and other costs of the water company, Wallsehlaeger (1935) reported that the 
average annual cost for water to California citrus growers in 1934 was $24.71 
per acre for oranges and $37.71 for lemons. In 1942, after a period of more 
copious rainfall, average costs of $18.44 for oranges and $20.22 for lemons 
were reported (Anon., 19446) . Unit costs of water vary greatly. Thus Blaney 
and Huberty (1930) showed that in 1929 an acre-foot of water, when obtained 
from nonprofit companies serving citrus areas in California, ranged in cost 
from $2.98 to $41.27, including interest on the investment. Although the 
highest of these costs are not necessarily prohibitive for fine orchards or where 
the other costs are very low, they definitely limit the profitable operation of 
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mediocre and poor orchards. The cost of pumping water to high elevations is 
frequently a limiting factor, even when the cost of the water is low. 

When water cannot be obtained from established companies, it must be 
developed by the grower. Capital investments in 1933 for this purpose 
were said to vary, in California, from $4.60 to $91.18 per acre (Adams and 
Iluberty, 1933) . The costs are ordinarily least for orehardists having riparian 
rights to surface water flowing adjacent to or through their properties, and 
highest where water must he pumped from deep wells and transported some 
distance or to high elevations. It is frequently uneconomical for the owner 
of a small property to develop his own water supply. 

CAPITAL INVESThlENT 

The profitableness of a citrus enterprise is obviously influenced by the total 
expenditures necessary for land, water rights, equipment, improvements, and 
planting, and for bringing the orchard to a self-sustaining age. These capital 
investments vary greatly with local conditions, and should be carefully esti- 
mated when locations for planting are being decided upon. Comparisons 
should be made on the basis of the value of established orchards. It may be 
more profitable to buy a producing orchard than to develop one. 

COST OP LAND 

In districts not generally given over to citrus culture the price of land may 
depend on its value for other agricultural or even for nonagricultural pur- 
poses. In many areas where the chief product is citrus fruits, land prices 
depend primarily upon its value for the raising of these fruits. Careful dis- 
tinctions between the factors influencing land prices should be made when 
considering land for purchase. Suitable lands for citrus production should 
always be chosen. There are enough of these to produce all the citrus fruits 
that can be marketed. The planting of lands that will support marginal or at 
best only fair citrus orchards is unwise and should be strongly discouraged. 

PBEPAEATION OP LAND POR PLANTING 

The cost necessitated in the preparation of land for the planting of citrus 
trees is a capital expenditure, and should be added to the original cost of 
the land in order that comparisons may be made betw'een various properties 
under consideration. These expenses vary greatly in amount. The nature of 
the topography is especially impoi'taut in irrigated regions. If the land is 
uneven, grading may be necessary to obtain uniformly sloping surfaces suit- 
able for satisfactory irrigation and for the removal of surface water during 
heavy rains. The value of most soils is greatly decreased by the removal of 
surface soil in grading, and this should be reduced to a minimum. If the 
natural slope is steep, contour planting or the construction of terraces will 
be necessary. 

The nature of the soil frequently influences the cost of clearing the land. 
Thus the removal, from stony land, of rocks that interfere with cultivation 
and other orchard operations necessitates a labor cost. Such expenses have 
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sometimes equaled or exceeded the cost of the raw land. Figure 98 shows stony 
land in the foothills of California being prepared for planting. The operations 
consisted in clearing away the native vegetation, grading, and the removal 
of large stones. Part of the stones removed from ten acres are shown in the 
right background. The total cost of this work was approximately $1,000 an 
acre. Only the most highly prized land, when purchased at a low figure, can 
justify such an investment. Data of average costs of land preparation in Cali- 
fornia and Florida are not available, but perhaps do not exceed $50 an acre. 



Fig. 98. An extreme example of expenditure of effort in the cleaving and leveling of land 
preparatory to planting a citrus orchard. This is a very rocky site, as is indicated {right 
hacTeground') by the pile of stones removed from a ten-acre field. The cost of clearing and 
leveling such land is usually prohibitive. 

In citrus areas near large bodies of water, or in regions of high rainfall, 
artificial draiiaage may be necessary'. This would require ditching or the laying 
of tile drain-pipe lines. Reliable opinion should be sought on the probable 
success of such reclamation projects, and the cost should be added to the price 
of the land. 

COST OF IHBIGATION WATER AND IRRIGATION SYSTEMS 

If irrigation systems are to be needed, expenditures will be necessary for 
the purchase of water rights or stock in water companies or for the develop- 
ment of water. These costs, as well as those for the installation of water dis- 
tribution systems within the orchard, should be treated as capital investments. 

OTHER CAPITAL EXPENDITURES 

Equipment . — Orchard heating is not universally required, or may not be 
necessary to the same degree in all citrus areas, but all investments in equip- 


251 


Selection of Orchard Site 


ment necessary for this operation should be added to the cost of the orchard. 
(The equipment required for this operation is discussed more fully in chapter 
xvii.) Annual charges for depreciation and replacement on equipment should 
be put down as items of expense. 

The capital value of other equipment should also he estimated in the same 
manner. The cost of cultivating equipment, and so on, may vary in different 
citrus regions, or even locally, with the methods of carrying on cultural oper- 
ations. 

Taxes as they affect capitalization. — Taxes on citrus lands vary greatly in 
different regions. Locally there will also be some variation, owing to the impo- 
sition of one political unit upon another. Thus one agricultural area will be 
subject to county taxes, taxation by cities, and further taxation to support 
school or improvement districts, while a near-by locality will have only part 
of these taxes to pay. For the purposes under discussion, the average total 
annual tax bill expected should be considered in the selection of the orchard 
location. In order to compare locations, the annual taxes may be capitalized 
at a fair interest rate and added to the cost of the land. 

Cost of trees and their development. — The cost of nursery trees varies from 
one period to another, depending on the supply and demand, more than from 
one citrus region to another. The cost of nursery trees may seem prohibitive, 
or suitable teees may not be purchasable at any price. The operation of the 
orchard until its production makes it self-sustaining will vary with local fac- 
tors and with income from marketed fruit. These items should be estimated 


carefully. 


ADDITIONAL PROBLEMS OP LOCATION 


Certain other matters must receive consideration before satisfactory sites 
can be intelligently selected ; not infrequently, they will be of decisive impor- 
tance. The presence of pests and diseases, and the economic loss which they 
cause, must be taken into account. The facilities for a successful farming 
enterprise must be present, including those needed for picking, packing, 
and marketing the crop, as well as the labor .supply for general orchard care. 
And various personal requirements must be met. 


PESTS AND DISEASES 


Citrus orchards in some localities are subject to diseases and insect pests 
that are not present in all. For example, lands infested with oak-root fungus, 
Armillaria mellea, are of less value. This disease is sometimes found in Cali- 
fornia and Australia where native oak and sometimes other trees have grown. 
Examination of the roots of native trees to determine the isresence of the 
disease should he made before they are destroyed. Certain diseases of the 
crown roots and base of citrus trees, such as^ummosis and root rot, are more 
prevalent in some citrus-growing regions than in other’s, and should be well 
understood (Fawcett, 1936). Heavy soils are especially likely to contribute 
to their incidence. Control of diseases of the roots cannot always he avoided in 
areas where they are especially virulent. The various rootstocks differ in their 
susceptibility to these as well as to other diseases. 



252 Citrus Industry : Production of the Crop 

The distribution of insect pests of citrus trees also varies "with different 
citrus-producing regions. The citrus white fly {Dialeurodes citri), the Mexi- 
can fruit fly (Anastrepha ludens), the Mediterranean fruit fly (Ceratitis 
capitata), and other pests (Quayle, 1938) are examples. Quarantines have 
been erected in some markets against the movement of fruit from infested 
regions, and the prospective citrus grower should satisfy himself that the 
j-ield, fruit quality, or marketing of his fruit will not be adversely affected 
by them. 

Certain scale insects, citrus mites, and thrips have climatic adaptations that 
limit their range. Also, strains of these insects develop resistance to certain 
insecticides, and hence they are much more difficult to control in some districts 
than in others. The importance of these insects and the efficacy of control 
measures in specific areas should be studied carefully. They may be the decid- 
ing factors in the choice of an orchard site. In some sites which border on 
uncultivated lands the control of rodents may be ineffective, and this fact 
alone may make the location unsuitable. (See chap, xiv.) 

LABOR SUPPLY, PACKING, MARKETING, AND 
TRANSPORTATION FACILITIES 

The size of the orchard and the stage of development of the citrus industry 
in a particular locality have a bearing upon the labor requirements that should 
be anticipated in selecting an orchard or an orchard site. Even in small 
orchards, where most of the operations can be performed by the owner, some 
phases of citriculture can ordinarily be done most effectively by contract or 
by the cooperative efforts of groups of growers. Harvesting of the crop is an 
example. Pest-control operations are often thus carried on. Frequently, the 
operations that require large investments for equipment, or that are per- 
formed by large, experienced crews, can be carried out more economically 
bj^ collective action. 

In California, there are a few cooperatives that supervise all orchard opera- 
tions. In Florida, this service is frequently performed under the direction of 
the packing-house personnel. 

The facilities that may be available for packing the crops should be care- 
fully considered. A fairly large volume of fruit is necessary for the economical 
operation of a packing plant, and since this operation requires special knowl- 
edge and skill, few producers are in a position to prepare their own fruit for 
market. Usually, this work must be done either by commercial packers under 
contract or by a cooperatively owned packing house. Facilities for carrying 
it out must be available at a fair cost. Availability of plants for processing 
fruits is also an advantage. The marked expansion of the processing industrj' 
in recent years makes this factor of great importance in most regions. 

Marketing facilities for fresh fruits must also be available. Since citrus 
fruits are largely sold in regions far from the area where they are produced, 
it is impossible for most growers to sell their fruit on the market personally. 
Consequently, most selling is done by commercial buyers, brokers, or coopera- 
tive marketing agencies. 
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The movement of fruit to the packing houses is facilitated by good roads. 
Shipping of fruit to market is done by truck, railway, or ship. Packing and 
processing plants are ordinarily situated where good transportation facilities 
are available. Storage houses or refrigeration facilities are sometimes of value 
in maintaining the quality of fruit in storage before shipment, and thereby 
permit more uniform shipment to markets over longer periods of time. 

PEBSONAL CONSIDEEATIONB 

The above-mentioned’ factors are important in the selection of a citrus 
orchard site or of an established orchard so far as they affect the efBciency 
of fruit production and the economies of orchard operation. The number of 
variable factors discussed should not discourage growers, since many are satis- 
factorily fulfilled in most areas where the growing of citrus trees is feasible, 
and not all of them apply with equal weight to each situation. However, one 
or more of the requirements may be so unsatisfactorily fulfilled as to make 
the growing of these fruits hazardous or impossible. 

Several additional items, some of which are more or less personal, may 
infiuenee the desirability of a site. Proximity to satisfactory educational facili- 
ties, churches, stores, and neighbors may be a prime consideration. So may 
ease and cost of transportation. The value of the property as a homesite is 
frequently of importance to the orehardist; and the availability of electric 
light and power, gas, and domestic water and telephone service should there- 
fore be considered. Bach grower should evaluate his own requirements and 
desires with respect to these items. 

BUYING A BEARING ORCHARD 

It will often be more profitable to buy an orchard than to develop one. The 
costs of development are inchided in the purchase price and hence are known 
definitely. Production begins at once — a factor of importance at a time when 
the economic status of the industry is undergoing changes. Tlie operator’s 
personal qualifications and interests may make it preferable for him to start 
with a mature orchard. The factors which are important in the selection of 
the orchard site should also receive attention ,- and certain additional matters 
should have special consideration. 

The age of the trees, their variety (or clone), and the planting plan should 
be taken into account. The general vigor and health of the individual trees 
and of trees in the vicinity should be noted. The nature of the rootstock should 
be determined, especially in regions where sweet orange and other citrus trees 
on sour orange roots are susceptible to tristeza or to orange-ti'ee quick decline. 
(See chaps, iii and xi.) The presence of pests and rodents should be noted, 
and the degree to which control measures are successful should be determined. 
Diseased and nontsqjieal trees should be enumerated, and the reasons for the 
abnormalities should be noted and evaluated. The presence of psorosis (scaly 
bark) in young and old trees should be determined ; this is particularly im- 
portant for orange and grapefruit trees, and desirable for lemon. The costs of 
the replacement of unsatisfactory trees should be considered. An orchard map 
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or record showing the type and conditions of individual trees is a practical 
assistance in making these studies. 

An accurate history of the yield records, of costs of insect-pest control, and 
of returns should be obtained -wherever possible. Such data are frequently 
available in the records of pacldng organizations. Orchards which have never 
produced satisfactory crops should be regarded with suspicion ; they may be 
incapable of profitable production. Wherever it is possible to do so, the causes 
of poor production or of unsatisfactory fruit quality should be determined ; 
they may indicate the frost hazard or other undesirable conditions. Inspection 
of the orchard should be made for any nutritional deficiencies that may exist. 
Information on the fertilizer practices followed should be obtained, including 
a history of applications of organic materials as well as of- inorganic fertilizers. 
On the sandy soils of Florida, determinations of hydrogen ion concentration 
are used as an aid to the study of the fertility level (Camp, 1939). Data on 
the costs of operations, as well as of gross returns, are essential in determining 
the value of an orchard. Orchards which have been nonprofitable over a series 
of years, or for which the prerequisites for successful results cannot be confi- 
dently diagnosed and readily fulfilled, should be classed as purchases of 
doubtful merit. 



LITERATURE CITED 

Adams, F., and M. E. Huberty 

1933. Value and cost of water for irrigation in coastal plain of southern California. Cali- 
fornia State Dept. Pub. Works, Div. Water Eesources Bull. 43. 189 pp. 2 pis. Maps. 

Allisost, R. V. 

1931. The importance of certain special elements in the agriculture of south Florida. 
Florida State Hort. Soo. Proe., 44:11—21. 

Anon. 

1944o. Citrus growers sustain heavy losses. Citrus Indus., 25 (11) :5, 13. 

1944&. Cost trend is sharply upward. California Citrogr., 29 (3) :90. 

Batchelor, L. D., and F. L. West 

1915. Variation in minimum temperatures due to the topography of a mountain valley 
in its relation to fruit growing. Utah Agric. Exper. Sta. Bull. 141. 27 pp. 20 figs. 
Blanchard, V. F. 

1934. Depressing efiEects of wind on growth and yield of citrus trees. California Citrogr., 
19:206. 3 figs. 

Blaney, H. F.j and M. E. Huberty 

1930. Coat of irrigation water in California. California State Dept. Pub. Works; Div. 
Water Eesources Bull. 36. 146 pp. 14 pis. 

Bradford, F. C., and H. A. Cardinell 

1926. Eighty winters in Michigan orchards. Michigan Agric. Exper. Sta. Spec. Bull. 149. 
103 pp. 16 figs. 

Brichet, J. 

1942. Nos orangeries sous le sirooo. Fruits et Primeurs, 12 : 143-145. 

1943. En parcourant les jeunes orangeries abimges par le siroco d'octobre-novembre 
dernier — explications, suggestions, conseils. Fruits et Primeurs, 13 : 50-51. 

Camp, A. F. 

1939. Factors in diagnosing citrus grove conditions. Florida State Hort. Soc. Proc., 52: 

95-99. Also in: Citrus Indus., 20 (6) :5, 8, 20-21. 

1943. A r€sum€ of feeding and spraying citrus trees from a nutritional viewpoint. Florida 
State Hort. Soc. Proe., 56:60-79. 

Camp, A. F., H. D. Chapman, G. M. Bahrt, and B. R. Parker 

1941. Symptoms of citrus malnutrition. Is: chap, ix in Hunger Signs in Crops, Judd and 
Detweiler, Washington, D.C. Pp. 267-311. 

Cannon, W. A. 

1925. Physiological features of roots, with especial reference to the relation of roots to 
aeration of the soil. Carnegie Inst. Wash. Publ. 368. 168 pp. 21 figs. 

Chandler, W. H. 

1925. Fruit growing. Houghton Mifflin, Boston. 777 pp. 59 figs. 

1942. Deciduous orchards. Lea and Febiger, Philadelphia. 438 pp. 109 figs. 

Chapman, H. D. 

1934. The phosphate of southern California soils in relation to citrus fertilization. Cali- 
fornia Agric. Exper. Sta. Bull. 571. 22 pp. 3 figs. 

CoiT, J. E. 

1915, Citrus fruits. Macmillan, New York. 520 pp. 151 figs. 

Eaton, F. M. 

1935a. Salinity of irrigation water and injury to crop plants. California Citrogr., 20:302, 
322, 324, 326, 334, 362-305. 6 figs. 

1935b. Boron in soils and irrigation waters and its effect on plants. U. S. Dept. Agric. 
Tech. Bull. 448. 132 pp. 4 pis. 32 figs. 


[ 255 ] 



256 Citrus Industry ; Production of the Crop 

Pawcett, H. S. 

1936, Gitrus diseases and their control. 2d ed. McGraw-Hill, New York. 656 pp. 187 figs, 
incl. 15 col. pis. 

Pbiend, W. H. 

1933. Citrus orchard management in the lower Bio Grande Valley. Texas Agrie. Exper. 
Sta. Circ. 67. 56 pp. 31 figs. 

Gandhi, S. E. 

1934. Cultivation of citrus fruits in India. California Citrogr., 19:303, 345, 358-359. 
4 figs. 

Gahdneh, V. E., P. C. Bradford, and H. D. Hooker 

1939, The fundamentals of fruit production. 2d ed. McGraw-Hill, New York. 788 pp. 
76 figs. 

GlETON, E. E. 

1927. The growth of citrus seedlings as influenced by environmental factors. TJniv. Calif. 
Publ. Agrie. Sei., 5:83-117. 8 figs. 

Gonzales, L. G. 

1927. Some freezing studies of certain citrus fruits. Thesis, Cornell University (Un- 
published.) 

Hayward, H. E., and O. C. Maoistad 

1946. The salt problem in irrigation agriculture : research at the United States Begional 
Salinity Laboratory. U. S. Dept. Agrie., Mise. Publ. 607. 27 pp. 12 figs. 
Hbnricksen, H, C, 

1930. Citrus culture in Porto Rico. Porto Eieo Agrie. Exper. Sta. Bull. 33. 34 pp. 16 figs. 
Hidinoer, L. L. 

1911. The drainage situation in the lower Eio Grande Valley, Texas. U. S. Dept. Agrie., 
Ofi. Exper. Sta. Giro. 103. 36 pp. 3 figs. 

Hodgson, E. W. 

1934. Resistance to low winter temperatures of subtropical fruit plants. Amer. Soc. Hort. 
Sci. Proc., 30 (1933) -.349-354. 

Hume, H. H. 

1934. The cultivation of citrus fruits. Macmillan, New York. 561 pp. 237 figs. 
Humphreys, W. J. 

1929. Physics of the air. McGraw-Hill, New York. 654 pp. 222 figs. 

Jamison, V. C. 

1942. Practical considerations related to pH control in sandy soils planted to citrus. 
Florida State Hort. Soc. Proc., 55:28—33. 5 figs. 

Kelley, W. P. 

1940. Permissible composition and concentration of irrigation water. Amer. Soc. Civ. 
Engin. Trans., 106:849-855. 

Kelley, W. P., and S. M. Brown 

1928. Boron in the soils and irrigation waters of southern California and its relation to 
citrus and walnut culture. Hilgardia, 3:445-458. 

1934. Princi^es governing the reclamation of alkali soils. Hilgardia, 8:149-177. 5 figs. 
Kelley, W. P., and B. E. Thomas 

1920. The effects of alkali on citrus trees. California Agrie. Exper. Sta. Bull. 318:303- 
337. 2 figs. 

MiLHAM, W. I. 

1918. Meteorology. Macmillan, New York. 549 pp. 157 figs. 

Mills, J. W. 

1902. Citrus fruit culture. California Agrie. Exper. Sta. Bull. 138. 46 pp, 23 pis. 



Selection of Orchard Site 


257 


Motz, F. a. 

1942. The fruit industry of Brazil. XJ. S. Dept. Agric., OfSce of Foreign Agricultural Be- 
lations, Foreign Agric. Rep. 2. 45 pp. 17 figs. 

Nelson, A. E. 

1940. Florida freeze — some first hand observations. California Citrogr., 25:248, 276. 
2 figs. 

OSKAMP, J., and L. F. Batjer 

1933. Soils in relation to fruit growing in New Tork. Part III. Some physical and chemi- 
cal properties of the soUs of the Hilton and Morton areas, Monroe County, and 
their relation to orchard performance. New York (Cornell) Agric. Exper. Sta. Bull. 
575. 34 pp. 9 figs. 

Pabkeb, E. B., M. B. EorNDS, and C. B. Cbeb 

1943. Orchard practices in relation to yield and quality of Valencia oranges. California 
Citrogr., 28:226-227, 238-239, 242, 260, 268-269. 2 figs. 

Parkes, j. a. 

1932. Bisabilities of the industry. Citrus News, 8:189, 202. 

Parsons, T. H. 

1932. The cultivation of fruits in Ceylon with cultural details. III. Trop. Agric. (Ceylon), 
79:86-90. 

Peech, M. 

1939. Chemical studies on soils from Florida citrus groves. Florida Agric. Exper. Sta. 
Bull. 340. 50 pp. 2 figs. 

1941. Availability of ions in light sandy soils as affected by soil reaction. Soil Sci., 51 : 
473-486. 5 figs. 

Porrs, A. T. 

1924. The lower Eio Grande Valley of Texas. Texas Agric. Exper. Sta. Circ. 34. 13 pp. 
Powell, H. C. 

1930. The culture of the orange and allied fruits. Central News Agency, Ltd., Johannes- 
burg, South Africa. 355 pp. 83 figs. 

Quayle, H. j. 

1938. Insects of citrus and other subtropical fruits. Comstock Publishing Co., Ithaca, 
N.T. 583 pp. 377 figs. 

Reed, H. S., and E. T. Bartholomew 

1930. The effects of desiccating winds on citrus trees. California Agric. Exper. Sta. Bull. 
484. 59 pp. 18 figs. 

Eichards, L. a., et al. 

1947. Diagnosis and improvement of saline and alkali soils. U. S. Regional Salinity 
Laboratory, Riverside, California. 157 pp. 12 figs. 

Rogers, W. S., and M. C. Vtvtan 

1934. Root studies. V. Rootstock and soil effect on apple root systems. Jour. Pomol. and 
Hort. Sci., 12:110-150. 8pls. 10 figs. 

Schoonover, W. R., R. W. Hodgson, and F. D. Young 

1930. Frost protection in California orchards. California Agric. Ext. Serv. Ciro. 40. 73 
pp. 16 figs. 

Scott, J. M. 

1928. Citrus growing in Florida. Florida State Dept. Agric. Bull. 2 (new series). 82 pp. 
29 figs. 

Storib, R. E. 

1933. An index for rating the agricultural value of soils. California Agric. Exper. Sta. 
Bull. 556. 44 pp. 17 figs. 



258 Citrus Industry : Production of the Crop 

SuBR, G. J., and L. D. Batchelor 

1926. Citrus culture in central California. California Agric. Exper. Sta. Bull. 405. 23 pp. 
5 figs. 

Vaile, E. S. 

1924. A survey of orchard practices in the citrus industry of southern California. Cali- 
fornia Agric. Exper. Sta. Bull. 374. 40 pp. 4 figs. 

VosBL-RT, E. D., and T. B. Eobinsoh 

1929. Culture of citrus fruits in the gulf states. Bevised. U. S. Dept. Agric. Farmers’ Bull. 
1343. 44 pp. 14 figs. 

Wallschlaeger, P. O. 

1935. Yields influence production cost; oranges higher and lemons lower. California 
Citrogr., 21:2, 14. 

Webber, H. J., et al. 

1919. A study of the effects of freezes on citrus in California. California Agric. Exper. 
Sta. Bull., 304:243-321. 22 figs. 

Weir, W. W., and E. E. Storie 

1936. A rating of California soils. California Agric. Exper. Sta. Bull. 599. 157 pp. 1 fig. 
4 maps. 

Young, P. D. 

1926. Desert winds and ^vindbrcak protection. California Citrogr., 11 :455, 484—487. 6 figs. 
1938. The 1937 freeze in California. D. S. Monthly Weather Eev., 66:311-324. 14 figs. 
1940. Frost and the prevention of frost damage. Kevised. tJ. 8. Dept. Agric. Farmers' 
Bull. 1588. 65 pp. 40 figs. 



Chapter V 


PLA^TNINC AND PLANTING THE ORCHARD 

BY 

RALPH G. LaEUE and MARVIN B. ROUNDS 


I ATiNG OUT the orchard, planting, and care of the young trees are vitally 
important to the ultimate success of a citrus-growing enterprise. Once a 
site has been selected for the orchard, the grower should begin looking 
for the best nursery trees obtainable, and should plan for efScient cultivation, 
irrigation, drainage, and erosion control, and for access to the orchard for all 
other necessary operations. 

Much of the citrus acreage of the United States is on nearly level or slightly 
sloping lands, which usualty require little leveling and grading and may be 
planted in accordance with some standard system of regular rows each way 
and still be successfully irrigated and cultivated. IMany of the warmest lands, 
however, are on hillsides, where satisfactory irrigation and cultivation cannot 
be practiced except by the use of contour planting or terracing. Plans for 
setting out the trees, irrigation, drainage, grading, and leveling must be 
decided upon prior to the time of planting, so that the land may be ready to 
receive the trees at the proper season. (For some of these factors to be con- 
sidered in selection of the site see the preceding chapter.) 

TYPES OP PLANTING AND PREPARATION OP LAND 

STANDARD PLANTING 

When should standard planting he %ised ? — The term “standard planting” 
refers to plantings made on lands the topography of which permits an orchard 
to be planted in straight rows, with trees in the rows set a uniform distance 
apart. "With such plantings it is not necessarj^ to reduce or increase the grade 
in order that irrigation, drainage, and cultivation may be properly dealt 
with. Most citrus orchards of the world are planted in this manner. 

In humid countries, where the natural rainfall is sufficient to maintain 
production, the standard planting arrangement of the trees can be used more 
generally than in arid countries, where provision mmst be made for irrigation. 
Where irrigation is required, the degree of slope of the land upon which a 
standard planting can be made depends upon the relationship of the grade 
to the soil tyjje that is to be planted. The grade allowable is dependent upon 
the soil tj'pe, the length of run for the irrigation water, and the size of stream 
to be used. A greater slope or a larger stream is required on a light sandy soil, 
where water penetration is more rapid, than on a heavier soil with slower 
penetration. The main difficulty on the heavier soil is danger of erosion from 
lieaA'y rainfall and rapid-flowing irrigation water. On very light sandy soils, 
grades of less than 1.0 per cent (1 foot in 100 feet) are not satisfactory for 
furrow iri’igation if the run exceeds 200 feet. On the other hand, grades in 
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260 Citrus Industry: Production of the Crop 

excess of 3.0 per cent may favor a uniform application of water, but the prob- 
lem of erosion is then increased. In general, any site with a grade of less than 
0.5 per cent or more than 3.0 per cent should not be planned for standard 
planting unless length of run, size of irrigation head, method of application, 
and erosion control are determined beforehand with respect to the soil type. 
Contour planting may be necessary for best results when the grade exceeds 
3.0 per cent. When the grade is less than 0.5 per cent, some system of flooding 
with checks should be used. All factors of soil management are directly related 
to the allowable grade. 

On slightly rolling lands where the grades permit standard planting, the 
direction of the rows must be changed with the changing direction of the 
slopes. Unless the fall is uniformly in one direction, each site presents a 
different problem of arrangement requiring careful study if the most satis- 
factory planting and irrigation are to be obtained. Combinations of contour, 
terrace, and standard plantings are frequently necessary, to conform to chang- 
ing slopes and soil types. Employment of a civil engineer in preparing the 
land for planting will commonly be found a profitable investment. 

Preparation of the land for irrigation . — It is always desirable, unless the 
lay of the land is obviously of proper grade throughout for the irrigation 
desired, to check it with a surveyor’s level. Slight depressions or ridges, or 
areas of almost level ground, may make the orchard hard to irrigate properly ; 
hence these slight irregularities should be corrected. Small irregular areas 
do not always reveal themselves on even the most accurate contour maps, but 
must be determined by the taking of intermediate levels. If the irrigation 
system is installed before the trees are planted, a trial irrigation will show 
up the irregularities. Very little change in the irrigation and drainage sys- 
tem can be made after the trees are set, and then only at some expense. It is 
therefore advisable that all possible corrective operations be completed before 
planting. (See fig. 99.) 

Installation of the irrigation and drainage system should be planned be- 
fore final preparation of the land is made. It is desirable, though not impera- 
tive, that the irrigation system be completely installed before planting. 

If leveling or grading must be done, it should follow the design of the irriga- 
tion system. Preparation for actual planting begins with the land leveling. 
On deep, recent, alluvial soils a fair amount of grading can usually be done 
without uncovering sterile soil. Unless the surface soil is deep, none of it 
should be removed to another location ; trees are not likely to grow success- 
fully in that part of it which was subsoil, because of its adverse physical 
condition and lack of fertility. 

The land should first be cleared of any brush and undergrowth that can- 
not be plowed under. If the soil is rocky, the large rocks should be removed. 
Weeds and small growth may be cut with a disk harrow, if that is practicable, 
and then plowed under with an ordinary turning plow. This kind of clearing 
should be started several months before planting time, so that organic matter 
turned under will have time to decay. If plowing is done in the fall, winter 
rains help materially in decomposing it. 
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Mueh of the leveling of an ordinary piece of land can be done -with a home- 
made float. A float consists principally of two runners, usually 2 by 12 inch 
planks (or lighter planks for smaller sizes) from 15 to 30 feet long, set on 
edge and spaced 6 to 10 feet apart. Crosspieces, serving as cutting bars, one 
at each pair of ends and two or more equally spaced in the interval, with 
diagonal braces on top, hold the planks rigidly parallel. The runners and cross 
members are usually shod with iron sti’ips. Many variations in type of float 
are possible, the size depending on the power available to pull it and the 



Pig. 99. Well-engineered citrus planting: full advantage taken of contour and straight- 
row planting for proper irrigation and erosion control. (Photo by Maurice Donnelly.) 


leveling to be accomplished. Dragging one of them back and forth will often 
put a rough piece of land into fine shape, leveling off small humps and 
filling in small depressions. When it is necessary to grade the land by cutting 
and filling with a scraper, finishing it with a float will be found effective. The 
soil should be in as good tilth as poasible. A year’s preparation by cover crop- 
ping and manuring, with deep plowing, will contribute materially to the suc- 
cess of the young orchard, especially if the planting is on poor soil. 

Irrigation methods used in standard plantings. — Any tj’^pe of irrigation 
may be used in standard-planted orchards. Furrow irrigation is most common 
where the grade permits easy flow of water without erosion. On lands so nearly 
level that the water will not flow through the furrow at such a rate as to give 
uniform penetration, irrigation by means of basins or checks may be found 
more satisfactory. Either the basin or the check method requires a larger 
volume of water than furrow irrigation. Sprinkling systems may be used 
for any system of planting. (See chap. x. pp. 453, 461.) 
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CONTOTJB PLANTING 

When contour planting should he used. — In contour planting, as the name 
indicates, the tree rows are established along a uniform slight grade. Such 
planting should be used when the land is on a hillside or rolling and the 
slopes are such as to render irrigation difficult and erosion a serious danger. 
If the slope of the land is too steep for irrigating a given type of soil, the 
planting should approximate the contour lines hut should be so graded that 
the irrigation furrows will accommodate the volume of flow necessary for 
adequate penetration without erosion. 

If the cross slope of an orchard exceeds about 5 per cent, it is generally 
unwise to cross-eultivate since erosion in the middles will eventually result 
in irrigation difficulties and loss of fertility. 

Generally, contour planting of orchards is common on slopes exceeding 3 
per cent, though standard plantings with sprinkler irrigation are sometimes 
employed. Contour plantings are employed mainly to avoid erosion. 

Disadvantages include : difficulties in irrigating because the lengths of tree 
rows vary ; danger that water may break down the cross slope ; and trouble- 
some weed control. Contour planting increases the costs of harvesting, culti- 
vating, pest control, and orchard-heating operations. 

Problems of contour-grade plantings. — ^Planting on terraces or on contour 
grades almost always results in irregular planting distances. Many growers 
prefer to keep straight rows on the cross slope, in order to permit cross- 
cultivation where possible, facilitate more efficient irrigation, and simplify 
heating operations. 

Where the type of contour planting is used that gives uniform spacing of 
trees along a contour grade, without regard to alignment across the grade, 
the rows do not usually form smooth curves, and the cross rows are not 
straight. The most nearly uniform grade in the furrows is attained by this 
method. Where cross z'ows are kept straight there must be uneven spacing 
along the grade contours, and usually a smaller number of trees per acre re- 
sults. The flrst method is preferred where slopes are steep and irregular. 

A third method of contour planting, preferred with long, more even slopes, 
is one of varying grades with straight cross rows. This method provides a 
smooth curve along the tree row and is an advantage in cultivation. It can be 
used where the cross slope is not too steep and is relatively uniform. Care must 
be exercised not to vary the grade too much, as may result from moving the 
trees too far. Generally tlie contour grade must be within the range of 1.5 to 
3.0 per cent to allow for the necessary variance of grade. 

Irrigation of contour plantings. — Both furrow irrigation and sprinkler 
systems are used on contour plantings in California (Huberty and Brown, 
1928). Watering by means of individual tree basins is also practiced, the 
water being distributed by means of a main ditch or furrow parallel with the 
tree row. The contour check method is sometimes used on contour plantings 
where large heads of water are available (Brown, 1933). Furrow irrigation 
is the method commonly used, however. 
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Irrigation distributing systems should, "when possible, extend down the 
slopes with the least grades. Contonr rows starting from such distributing 
lines will therefore tend to pinch out when they extend into the steeper slopes, 
and result in point rows. Irrigation water can then be easily run into fuiTOWs 
converging from adjoining contour rows. If the rows run from the steeper 
slopes onto flatter slopes, filler rows will be necessary. This necessitates stub 
irrigation lines or split furrows in order that irrigation water may be applied 
to rows not starting at the pipe line. 



Fig. 100. Preformed bench terraces, which have been quite generally used in hinds Avliere 
the slope is steep. (Photo by U. S. ilept. Agriciiltm-o Soil Conservation Service.) 


Once the plan is decided upon and the orchard is set, the likelihood of its 
ever being changed is quite remote. A eitras orchard is a long-time enterprise, 
and many years of difficult problems — ^which may end in failure — face the 
grower who- does not carefully weigh all factors and choose a satisfactory 
planting plan. 

USE OF TEEBACES 

The type of bench terrace called “preformed” has been quite generally 
used in preparing the land for planting fruit trees where the slope is rather 
steep (fig. 100) . In general, primary' soils found on steep slopes have a shallow 
surface horizon and a comparatively infertile subsoil. Because the relatively 
shallow surface soil should be disturbed as little as possible, it is seldom 
economically practical to make terraces prior to planting lands that have 
slopes exceeding 15 per cent. 

Since, -with contour plantings on steep slopes, cultivation can usually be 
done only along the grade, contour terraces generally develop over a period 
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of years. Such terraces are desirable, but not so desirable as preformed ter- 
races that are built before the plantings are made. If the terrace widens out 
beyond the average row width and another row can be inserted, a filler row 
is started. When the terrace becomes too narrow for working, usually not 
exceeding 14 to 16 feet, it is discontinued, forming a point row. 

In any contour planting the tendency for the soil is to work down the slope. 

This will occur even under exclusive 
contour cultivation (fig. 101), and 
a frequent result is that the bases of 
the tree trunks become buried, neces- 
sitating periodic handwork in pull- 
ing the soil away from the trunk and 
the bud union. The best solution 
may be to adopt such cultural prac- 
tices as will minimize or eliminate 
cultivation (fig. 102). 

DRAINAGE 

DISPOSAL OP SUBPAGE DBAINAGE 
Provision must be made for the 
disposal of surplus drainage water, 
irrespective of the type of planting. 
On contour plantings, irrigation 
furrows along the contour grade are 
commonly provided for this pur- 
pose. At the end of such a grade the 
accumulated runoff should be car- 
ried down the cross slope through 
drain-pipe lines (fig. 103 ) , or through 
ditches that have beeir stabilized 
with vegetation or check dams. It is 
generally desirable to have the con- 
tour grades extend toward natural 
drainage channels. Where contour 
plantings are terraced, or have be- 
come terraced, it may be well to provide a drainage fin-row or ditch near the 
toe or upper edge of the bench, near the riser. 

Ditches are usually cheaper and are easier to run water into than under- 
ground systems. However, they are in the way of cultivation operations unless 
a suitable area is left for a turning space between the ditch and the last tree. 
This often results in a weed problem and waste land, as cultivation cannot be 
very close to an open ditch. 

Underground concrete pipe with risers or downspouts so placed at the end 
of each row as to catch the accumulated waste will dispose of surplus water. 
They must be out of the way of cultivation and at the same time in a position 
to receive runoff water. 
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The chief objection to the use of underground conduits is the cost. There is 
also the necessity of some handwork around the risers in mounding up the soil 
to direct water into them, especially where the cross slope is great. Relatively, 
only a small amount of weed control around tliem is necessary. Risers some- 
times offer a haven to rodents and small animals, which may, under some con- 
ditions of accumulating trash, cause stoppage in the system. 



Pig. 102. The rise of this bench terrace is protected against erosion by 
a continuous cover crop. (Photo by U. 8. Dcjit. Agriculture Soil Con- 
servation Service.) 

SUBSTJBPAOB DBAINAQE 

Subsurface drainage is usually important in saline soils, or where the irriga- 
tion water has a high concentration of salts that may accumulate in the root 
zone in sufficient quantity to be toxic to trees (Weir, 1926). 

Where the soil profile is such that natural drainage will occur, little diffi- 
culty is likely to result even with the use of water containing some salts. Under 
these conditions, with leaching by rainfall and the proper type of irrigation 
practice, the salt concentration in the root zone may be kept doivn so that 
injury will not result. However, where there is a shallow subsurface stratum 
of heavy or impervious soil that prevents free percolation of water, areas with 
salt accumulations or waterlogged land will probably result. It then becomes 
necessary to install subsurface drainage, which usually consists of a clay tile 
pipe placed at the minimum depth at which the free water surface must be 
maintained. Intercepting drains may be necessary, where steep slopes occur, 
to prevent water from following an impervious layer to a lower level and 
causing a waterlogged condition. In running out the grade for the tile the 
slope of the impervious layer is then followed, rather than the soil surface 
level. 

In certain large areas of land with slopes suitable for drainage the water 
table has been lowered, and the salt content reduced, so that citrus can be 
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satisfactorily grown. This has been accomplished by the installation of ex- 
tensive underground drainage systems, followed by flooding with -water of 
suitable quality. Indicator plants such as alfalfa, and then beans, were grown 



Fig. 103. Downspouts to underground drainage conduits. 
Notice that opening is on upiicr side of pipe. Those open- 
ings are sometimes screened to keep trash out. 


in order to show when it would be safe to plant the citrus. Such development 
requires farsighted planning, with ample finances to see the project through. 
It also involves risk, if the program should fail (Hart, 1915; Weir, 1926). 

PLANTING ON EIDGES TO FACILITATE DRAINAGE 

Planting on ridges or mounds is frequently practiced in the Far East and 
to some extent in Florida, where land surfaces are so flat that drainage is slow 
and water tables are near the surface (fig. 104). It is generally followed in 
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parts of China, Japan, Java, Siam, and Indo-Cliina, where rainfall is heavy. 
Under lowland conditions in these countries, water may stand on the surface 
for long periods, owing to poor drainage. 

In the Par Eastern countries, pnmmelos are commonly grown on mounds 
and ridges in marshes cleared for planting. The ridges and mounds, formed 
by digging out drainage ditches and mounding up the planting bank, provide 
drainage for the very flat lowland (Groff, 1930). These banks are further 
built up, over a period of yeare, as mud is dug from adjoining ponds for 
fertilizer ( Condit ei al., 1937) . The pond mud is deposited in chunks along the 
tree ridges, where it dries out and can be spread, adding organic matter and 
some soil. With such mounds or ridges, as illustrated in figures 104 and 105, 
only handwork can he used for any cultivation practiced. 

Planting on broad ridges has proved good practice in Florida (Hume, 
1926) on some low muck soils of the Everglades and in many flat areas where 
drainage is poor and moisture is likely' to be excessive during certain seasons 
(Stirling, 1935). In California, similar methods are sometimes used to im- 
prove poor drainage conditions. The low i-idges are formed by' backfurrowing 
with a plow to the tree row one or more times before planting, thus making a 
rather deep furrow in the middle. Trees are planted along these ridges. Irriga- 
gation and cultivation are then carried on as usual ,• brjt if the orchard is cu'oss- 
eultivated, the trees may he left gi’owing on separate mounds. This may be in 
some measure avoided if, in cultivation, the dirt is thrown toward the trees. 
Where the rows are double-planted in accordance with a permanent plan, as 
frequently with lemons, the ridge is not disturbed, since cross-cultivation 
cannot be practiced. 

SUBSOILING AND BLASTING TO IJIPROVE DRAINAGE 

Any' subsoiling or blasting to improve irrigation and drainage slionld be 
completed before the trees are planted. Snbsoiling, to break up dense sub- 
surface layers of soil and thin lay'ei-s of hardpan. is nsnally limited to running 
a subsoil plow along the tree rows both way's so that the furrows cross where 
the trees are to be planted. Once the trees have attained a fail’ size, snbsoiling 
can only be done at the expense of severe root pruning, wliich seriously affects 
the condition of the trees. Their recovery will be slow. (Anon., 1929.) 

California has pioneered in the use of bla.sting to loosen hard layers of sub- 
soil, which frequently’ occur at shallow depths and overlie a permeable sub- 
stratum. Many citrus orchards in the most productive districts of the Rtate 
are on soils underlain at shallow depths Avith hard subsurface lay'ers that have 
been broken up. Where this hardpan lie.s at deptlis of approximately three 
feet or more, little or no effort is made to disturb it if drainage is not a prob- 
lem. Most commonly', blasting is limited to breaking up hardpan in the tree 
holes and close around the place wliei-e the tree is to stand. 

Blasting holes for trees is not to be i-ecommeuded unless the entire thickness 
of the hardpan can be broken, since a loosenuig of only a part of an impervious 
layer Avill frequently i-esult in a pothole that retains water and thus kills the 
tree roots. Blasting should be done only by' qualified pow'der handlers and 
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Fig. 104. Mature grove near Tailoku, Formosa, illustrating the height to which the 
trees have been ridged to provide drainage away from the trunk. (Photo by Dr. I. J. 
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when soil conditions are favorable for the maximum results. In heavy soils, 
if blasting is attempted when moisture conditions are not right, potholes will 
be formed. Some types of soils may break up satisfactorily when dry, but will 
run together again when wet. These soils cannot be improved by blasting since 
they are usually of heavy clay or clay loam tj^pes and are seldom underlain by 
pervious layers at reasonable depths. Blasting is adapted only to types of soil 
that will shatter when dry and not run together when wet. Blasting should 
be completed well before planting, so that the soil will have time to settle. If 
trees are planted in the holes too soon after blasting, they may settle so far 
that resetting will be necessary. 

INTBRPLANTING AND INTERCROPPING 
INTEBPLANTING WITH CITRUS 

In most orchards with standard planting, the trees are set at the corners of 
squai’es or rectangles of such size as to accommodate the trees when fuUy 
grown. The full distance allowed from tree to tree will not noi’mally be re- 
quii'ed by the trees for ten to fifteen years, and in the meantime interplanting 
can often be done to advantage. In fact, with lemons, many growers have 
adopted a policy of double planting, forming hedgerows, as a permanent 
planting plan. Double planting to form rather open hedgerows may be espe- 
cially economical on terraces where cTo.ss-cultivation cannot be practiced 
(Klein, 1936). 

The principal objections to such interplanting are the initial cost of extra 
nursery trees, greater difficulty of cultivation, increased fertilization and 
irrigation demands during the period of double planting, greater difficulty 
and cost of pest control, and the cost of removing the temporary trees when 
they have served their purpose. 

The importance of removing temporary or interplanted trees at the time 
they should come out cannot be overemphasized. Many growers add to their 
per-acre production the first several years after the trees come into bearing, 
only to lose production by putting off removing the temporary trees when 
they begin to crowd and compete with the permanent trees. 

In interplanting there has been some tendency to use two or more varieties. 
This may be desirable, since it permits the retention of the most satisfactory 
variety for the permanent planting. Ordinarily, however, nothing is gained 
by mixing varieties, and the difficulties in handling the orchard may be 
greatly increased. If orchard heating is neces.sary and the picking seasons do 
not coincide, it may be found necessary to heat the entire grove to save half 
the fruit. Heating requirements differ for the fruit and the trees, owing to 
difference in ripeness of fruit, cycles of growth, or physical resistance to cold. 
Irrigation practices often vary for different varietie.s. Harvesting seasons 
that do not coincide require extra trips through the orchard to remove the 
fruit, with attendant problems of soil packing due to trucking operations. 

Orchards are sometimes interplanted with alternate trees on different root- 
stocks. The trees on the rootstock that has given the best results by the end of 
the double-planted period can then be retained. 
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INTEEPLANTING WITH OTHER TREE CROPS 

The possibility of interplanting pennaaent orchards of citrus with some 
other horticultural crop with which there is a relatively good plant association 
merits consideration in certain specialized districts. In Mediterranean coun- 
tries it is common practice to intermingle grapes, walnuts, pomegranates, and 
other fruits, under or over which citrus fruits are grown. Although it is 
probably true that none of these plantings produce a normal per-acre pro- 
duction for any one fruit, certain combinations of crops may satisfactorily 
and profitably mature together. 

Citrus in its native habitat is usually found in very humid tropical jungles, 
growing under the larger native trees, along river banks, under very moist 
conditions. In Florida, many of the finest groves are planted under the native 
palmettos, oaks, hickories, and pines, with no more than a thinning out of the 
trees that occur in the place to be occupied by citrus (Hume, 1926). In the 
oases of northern Africa, citrus is grown in a haphazard manner under date 
palms. In the Coachella Valley of California, an area with a long growing 
season, relatively high summer temperatures, and low humidity, date palms 
and citrus trees interplanted are being grown suecessf ully.. In the more humid 
tropical countries such plants as pineapples have been grown as intercrops. 

In the growing of any intercrop the relation of the cultural practices of one 
crop to those of the other must be carefully considered. 

INTERPLANTING WITH QUICK-MATURING CROPS 

Intercropping the orchard while young with quick-maturing cash crops 
is usually desirable to provide an income while the trees are developing. 
Beans, peas, corn, and other vegetable crops are frequently grown (Vaile, 
1918) (fig. 106). 

Beans make a very good intercrop. When the beans are threshed, the straw 
can be returned to the soil. If corn (maize) is grown, it provides suitable 
material with which to wrap young trees for wdnter protection. However, 
•most of the cereals are gross feeders, and serious competition with the young 
trees may result from their use. General truck crops can be grown success- 
fully as annual cash crops and thus give some returns where such crops are 
in demand. It has been observed when alfalfa is grown as an intercrop that 
competition results in lower yields of citrus fruit. In growing any intercrop 
the good of the permanent citrus must be considered as primary, and the 
secondary crop should be grown only with a minimum disadvantage to the 
citrus. It should also be remembered that the production of such annual ei’ops 
in citrus orchards is not likely to be desirable or profitable except during 
the first three to five years of the orchard’s growth. Hence they should not be 
planted too close to the trees. 

Interplanting or intercropping offers an opportunity for the original de- 
veloper of the land to use a greater part of the area planted for earlier higher 
production per acre. The type of interplanting or intercropping may well be 
determined by the number of years he will be interested in the project. 
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LAYING OUT THE ORCHAED 
PLANTING DISTANOT? 

Factors inflnencing planting distance. — ^Tlie first factor to be determined 
in planning the arrangement of the orchard is the planting distance, which 
will differ with the space requirements of the variety to be used. If the orchard 
is to be double-planted, the permanent trees should be set nearer the maxi- 
mum distance for a permanent orchard of the variety set out. 



Pig. lOG. Lima beans as .an inteici up in a young lemon oivliard, Orange County, Cali- 
fornia. This orcliard is set nitli rows a maximum distance aj)art to provide for many years 
of intercropping with these beans, which are profitable in this district. Notice tlie farrow 
irrigation practiced while the beans are bunched ready for threshing. 


On very rich productive types of soil, wliere the tree spread will ultimately 
be comparatively great, wide planting distances should be considered ; it is 
undesirable for trees to be crowded so that the tips of their branches cannot 
extend close to the ground. Trees forty years old or more, if lacking proper 
space, will not permit movement of cultural equipment through the orchard. 
Planting by the quincunx method, whereby semipermanent trees are set that 
are to be removed before crowding, will result in a permanent orchard set 
on the square. The problem here is to make the necessary decision to remove 
the semipermanent trees before the permanent ones are crowded and before 
the fruit-bearing surface on the permanent trees is reduced. 

Planting distances required hy different varieties. — Planting distances in 
most citrus districts varj' greatly. If the orchard is to be double-planted or 
set quincunx, the planting distance will depend upon the length of time the 
temporarj’’ trees are to remain. 
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The planting distance depends a great deal upon the variety, the species 
of rootstock used (see chaps, ii and iii), fertility of the soil, and the length 
of the growing season in the district. Standard stocks, fi'om which the greatest 
tree size will result, will necessarily require a wider planting distance than 
stocks with dwarfing or seinidwarfing effect. This is especially true where any 
double-planting plan is considered. Certain stocks might he selected tor their 
rapid development, especially for interplanted or temporary trees, w'hich 
would not be so satisfactory as a slower-growing stock for the permanent 
trees. The spacing distance for citrus trees varies greatlj* with these factors 
affecting tree growth. 

In California, the navel orange has grown and borne fruit quite satisfac- 
torily, under ideal soil and weather conditions, when planted at spacing dis- 
tances of 22 by 22 ft. In districts where the prevailing weather is cool, the 
growing season shorter, or the soils shallow, more trees per acre may be 
planted, with spacing distances 20 by 20 or 18 by 18 ft. 

Valencia trees grow to a larger size under comparable conditions, and 
although spaeings of 20 bj’’ 20 ft. are common, usually this is too close. 'Where 
spacings of even 22 by 22 ft. are allow'ed, the branches grow and interlock, 
and, as the trees advance in age, the consequent shading kills the lower 
branches. 

Under ideal conditions for growth, Valencias should be planted at a dis- 
tance between trees of from 24 to 28 ft. Grapefruit should be planted at a 
little greater distance than oranges, varying from 22 by 22 to 30 by 30 ft. 
In Florida in sandy soils it has been fouiid that a 30 by 30 planting for 
oranges and a 35 by 35 planting for grapefruit is desirable. 

Eureka lemons are usually spaced 22 by 22 ft., but in a deep, -well-drained 
soil, where the weather conditions are satisfactory for gro-wth, the distances 
should be greater ; 24 by 24 ft. would not be too great for plantings in some 
districts. Lisbon lemons are more vigorous and usually grow to a larger size 
than the Eureka ; hence a planting of 22 by 22 ft. would be too close, and 
spacing distances of 24 by 30 or 30 by 30 ft. Avould not be too great for some 
plantings. 

Bearss or Tahiti limes should do well if planted 22 by 22 ft. as a maximum. 

Satsuma oranges should gro-vv satisfactorily when planted 18 by 38 ft., and 
tangerines and other mandarin oranges 22 by 22. Varieties of these become 
larger in size when grown in the hotter valleys -vvitli a longer growing season — 
a fact that should be taken into account in the planting program. 

Space for roadivays and turning . — ^Roadways and turning space must be 
provided in the orchard. The extent of the turning space at the ends of the 
rows is determined by the type of tillage tools and trucking equipment to 
be used. Many growers are loath to leave sufficient space. The customary prac- 
tice is to leave slightly more than half a tree space around the orchard, and 
some growers increase the planting distance between every other pair of 
rows so as to provide space for trucking. This is particularly important if 
orchard heating is to be practiced, since refueling operations make accessi- 
bility necessary. (See chap, vi, p. 313.) 
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PLANTING BY THE SQIJAHE OB BECTANGtTLAB SYSTEM 

Determining the exact ylanling distance . — Once the property lines have 
been determined and the corners accurately located, it is necessary to decide 
upon the planting distance that will- be most economical for the trees and 
in the use of the site. It is frequently best to determine the planting distances 
first, and then to make the necessary allowances for turning space around the 
outside of the orchard; for extra roadways through the orchard; and for 
such drains and pipe lines as may be necessary. When the sum of these neces- 
sary allowances is subtracted from the available space, there will he left the 
length of ti-ee row in each direction. Dimensions of the net plantahle area 
are then available, whieli, divided by the planting distances, will give the 
number of trees per row each waj'. 

If the planting distance decided upon leaves too much turning space at the 
ends, the distance can be increased or decrea.sed to provide for just the right 
turning space. It is advisable to keep the planting uniform and avoid odd 
trees. When the exact planting di.stance for the trees has been determined, 
and one boundary has been aeeuratelj' located to be used as a base line, the 
orchard is ready to be staked. 

Staking the orchard. — Measui’e from a property boundary line the distance 
at which the first row of trees is to stand, and at this distance set a row of 
•stakes parallel to the boundary to indicate the position of the base row. 
Locate the first or end tree in the base row by measuring the desired distance 
from the ad.ioiiiing, intei-secting boundary line, to establish the corner tree 
position. This tree then becomes the key tree of the planting. 

Locate a stake 60 feet from this key tree along the base row, then estimate 
a right angle from the base row at the key tree and along the new leg o’f the 
angle set a stake 80 feet from the key tree. If the distance from this latter 
stake to the stake .set 60 feet down the base roAv is 100 feet, the estimated right 
angle is correct and one corner of the orchard is established. From this corner 
or key tree and the stakes, two rows at right angles may be laid out by use of 
a planting wire and sighting. 

A planting wire is easily made and, if much acreage is to be set, will more 
than pay for the time spent in rigging it. A piece of 12-gauge galvanized soft 
steel wire is hea^^^ enough. Lengths up to several hundred feet can be used. 
They should be cut to conform to the units into which the field is divided for 
irrigation. A ring large enough for a handhold is firmly attached to one end. 
Then, at intervals representing the exact planting distance, beads of solder 
are applied. Sometimes a loop of wire or othej- device is soldej'ed on, to give 
greater visibility. When the number of guides desired ai-e soldered on, a 
handhold ring is attached to the other ejid. When the fij-st tree position of the 
base row has been located, the wire is stretched taiit between this stake and a 
guide stake at the other .side of the block. Tree stakes are then set by the guides 
on the wire. When the field is set, the stakes are adjusted by sighting from 
the ends of the rows befoi'e the planting guide stakes are placed. 

All stakes must be driven in firmly and .set straight up and down so that 
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any irregularity is instantly apparent. For uniformity in using the planting 
hoard (see below) , all stakes should be set facing in the same direction. 

If flat laths are used, they should be set facing at right angles to the line 
of furrowing and hauling. The planting board can then be used to set the 
planting guide stakes in the tree row parallel with the movement of equipment, 
where they are not likely to be disturbed before the trees are planted. 

Use of the planting board. — In planting, to gauge properly the exact loca- 
tion of each tree and its height with reference to the soil-surface level it is 
desirable to use a planting board. Wlien the holes are dug, the tree stake must 
be removed, and this makes it necessary to have guide or planting stakes for 
accurate location of the tree. 

A planting board is made by taking a piece of 1 by 4 in. board 4 ft. long — 
sometimes 6 to 8 ft. — and cutting a V notch so that the apex of the V is in the 
exact center, with notches in the ends in which to fit the planting stakes. The 
board is used for setting the planting guide stakes, two to each tree location. 
The stakes are set by placing the central notch of the planting board against 
the tree stake and driving a stake into each of the end notches. The tree stake 
can then be removed and the hole dug. The tree is planted by replacing the 
end notches of the board against the planting stakes and adjusting the trunk 
of the tree in the V notch. 

Planting boards should always be used facing in the same direction, so 
that irregularities in cutting the notches or in setting the stakes will not cause 
errors when the tree is planted. Stakes used are generally laths and should 
be long enough to be seen easily in sighting, but the planting stakes need 
only be long enough to be firm when driven into the ground. 

Factors favoring the square or rectangular system. — In any system of plant- 
ing there is no loss of soil unless the trees are too far apart. Trees set on the 
square do not confine their root systems to the square or rectangle about them, 
but pei’ineate the entire area between trees at ordinary planting distances. 
It therefore appears probable that with normal planting distances all the 
moisture and plant food will be accessible to the roots. It is for this reason, 
together with the convenience of a square or rectangular planting in cultiva- 
tion operations, that most orchards are planted by this system. As many trees 
are planted to the acre as possible, taking into consideration the future con- 
venience of the orchard for the operations of cultivation, picking, heating, 
and pest control. 


PLANTIIfG BY THE QUINCUNX SYSTEM 

Much confusion has existed in the use of this term. Webster’s New Interna- 
tional Dictionary (second edition) defines quincunx as “an arrangement, 
especially of trees, with one at each corner and one at the center of a square.” 
Quincunx has frequentlj'' been made to cover almost every kind of planting 
arrangement not on the square. Probably the easiest method to use in laying 
out an orchard on the quincunx plan is first to stake it out on the square, 
adjust the stakes, and then sight through on the diagonal from two directions, 
locating the central tree at the intersection (see fig. 107 ) . 
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Setting an additional tree in the intersection of a square by the quincunx 
method provides for about 78 per cent more trees per acre than the original 
square planting. As a permanent plan the quincunx is not satisfactory, since 
crowding results and adversely affects the growth and yield of maturing trees, 
but it is a satisfactory method for planting additional temporary trees that 
are to be removed at the proper time. In fact, it offers the best method by 
which extra trees can be planted and later pulled out, leaving the planting 
permanently on the square. 

PLANTING BY THE HEXAGONAL OB SEPTHPLE SYSTEM 

By this method adjacent trees are all equally distant from each other and 
the ground is divided as equally as possible. It is hexagonal in that the figure 
consists of six trees forming a hexagon, enclosing a seventh in the center (see 
fig. 107). 

This method is not common in citrus plantings. It allows for 15 per cent 
more trees per acre than planting on the square. Other advantages are that 
the grove can be worked in three directions and variations in running irriga- 
tion water are usually made practicable. 

PLANTING BY THE TBIANGHLAE SYSTEM 

This usually means a triangular planting other than on the equilateral 
triangle plan. The orchard is set out on a rectangular system, not on the square, 
with a tree placed at the intersection of diagonals sighted from the comers 
(see fig. 107). Since the rectangle is longer one way than the other, the tree 
at the intersection is equally spaced from the four corner trees. This method 
is similar to the quincunx and is equally as satisfactory for a double-planting 
scheme if the ratio of length to width of the permanent tree rectangle is not 
too great. 

PLANTING THE ORCHARD 
DIGGING TREE HOLES 

Once the planting stakes have been set by use of the planting board, the 
tree stakes can be removed and the holes dug to receive the trees. Many young 
plantings prove unsatisfactory if the tree holes are not dug properly and 
good soil placed around the roots. To be large enough for ordinary balled- or 
bare-root trees, holes for planting should be approximately 20 inches in diam- 
eter and 18 to 20 inches deep. In rocky soil the bottom of the hole should be 
probed to locate any large stones, which should be removed. 

OABE OF NTJBSEBY TREES 

Nursery trees must be handled carefully when first received. The shock of 
digging is severe, and they should not be subjected to additional exposure, 
especially to hot sun or wind. If trees are received before the holes are dug, 
they must be placed in shade and the balls or roots kept moist (chap, i, pp. 36, 
38). AH nursery trees should be carefully examined before planting to see 
that the tops have been sufficiently cut back. It may sometimes be desirable to 
defoliate the trees. 
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If the trees are delivered in the field, they should not be delivered faster 
than the planting erevr ean set them. Trees left in the field should be protected 
from the sun's rays. Trees delivered to the orchard ahead of the planting crew 
should be set in the holes in Avhioh they are to be planted and leaned toward 
the south to protect the trunks from the direct rays of the sun. 

THE PHAXTrN’& CBEW 

A planting crew usually consists of two men. with a third to irrigate. One 
man places the planting board and fills in the soil around the ball. The other 
cuts the top cord of the ball wrapping and folds it back away from the trunk 
of the tree, and adjusts the tree in the hole to the planting board, placing the 
trunk in the V notch so that it is exactly where the original tree stake was set. 
The bud union is generally placed toward the prevailing wind. It is some- 
times desirable to set the bud union toward the south, especially if the tree 
is to be whitewashed and not wrapped. If it is set so that the sun's rays strike 
it directly, sunburn frequently results on the curved trunk just above the 
stub of the rootstock — especially when large rootstocks are budded, since 
there is then a greater cuirve just above the bud union. 

Trees should ahvays be set somewhat higher in the field than in the nursery, 
to allow for settling, especially when the trunk of the tree may be exposed to 
excessive moisture. This may be easily accomplished by nailing a block on 
each end of the plauting board, thus raising the board the desired distance 
above the ground level. The trees can then be planted uniformly at the desired 
height by raising the balls up against the board. The use of such blocks in 
raising the tree provides for settling and for drainage away from the tree 
trunk. 

Drj' soil should never be placed around a ti’ee in plauting. Clods and rocks 
should be avoided, and moist topsoil should always be used in backfilling. 
It is common practice to use topsoil from the area around the hole for back- 
filling and to use the excavated soil in mounding up a ridge around the tree 
to form the irrigation basin. 

In refilling the hole, dirt should be well tamped in around the ball. This 
ean be done by partial filling and tamping by use of a shovel handle. If the 
tamping is not carefully done, it is belter to rely upon water for settling. 
Bridges of tamped dirt may occur over pockets that are difficult to fill and 
that may be missed entirely, resulting in a poor soil condition around the roots. 

lEEIGATIKG NEWLY SET TEEES 

First irrigation . — Irrigation should follow immediately after setting the 
tree. Even with the best of tamping, it is necessary to settle the dirt with water 
so that the soil wiU be tight against the ball, thereby disposing of all air 
pockets. It is important that the water surround the young tree entirely, filling 
the tree hole so that all parts of the soil will be thoroughly settled (fig. 108). 

As a result of this irrigation around the ball, trees will usuallj- shift and 
many of them will be out of line. They should be gently straightened not later 
than the next day. If a tree has settled too far to be pnshed back easily by 
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pressure on tlie soil, a shovel should be inserted beside the ball and moved 
carefully so as to straighten it. Too much moving should not be attempted. 
Trees leaning slightly toward the prevailing wind may be desirable and will 
not make a noticeable difference after the first year, even though they inay be 
several inches out of line. 

Second irrigation . — ^When the trees have been straightened, the ball should 
be completely covered with soil and a basin made around the tree somewhat 
larger than the tree hole. It is desirable to fill the basin with 3 or 4 inches of 



Pig. 108. Common method of irrigating newly set trees in California where a small head of 
water is used in a furrow. (Photo by Dr. H. .1. 'Webber.) 


organic mulch such as bean straw, cereal straw, alfalfa hay or straw, or even 
very strawy manure if this last is kept away from the trunk of the tree. 

The planting is then ready for a second irrigation a few days later. The 
application of irrigation water should always depend upon the moisture 
requirement. Since the root zone of a young tree is small, an examination close 
to the tree should be made. The root zone of the newly planted 'tree is entirely 
within the ball of 30 or 40 pomids of soil, which does not contain much mois- 
ture. If irrigation is not frequent, the moisture in the ball, and therefore the 
root zone of the tree, may become exhausted even though the surrounding soil 
may have an adequate supply. 

The trees should be watched when they are beginning to grow, to discover 
if any do not start promptly. Often, when trees are balled from a nursery on 
soil heavier than that in which the trees are set, water will not penetrate the 
ball, but will drain down beside it. If upon careful inspection a dry ball is 
found, it must be cracked with a probe so that water will penetrate it.' 

The reverse of this condition may result if trees balled in light soil are 
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planted in heavy soil. Water may accumulate in the hole and ball, causingr 
the roots to rot, if irrigation is not carefully managed. The ideal condition 
obtains -when the texture of the soil in -which the trees are to be planted is 
about the same as that of the nursery from which they -were removed. 

SETTING BAEE-BOOT XITRSEET TREES 

In humid regions nursery trees are planted “bare-root.” This method is not 
generally used in arid countides, because more care is required in handling 
bare-root trees than balled trees. Bare-root trees are sometimes given special 
treatment before they are dug by the nurseryman, to force them into dor- 
mancy. In more humid climates this may not be so necessary as it is in Cali- 
fornia. In planting bare-root, the trees must be dug carefully and i>acked 
promptly, so that the roots are never exposed to direct sun or drying winds 
or otherwise allowed to become dry. In a climate of low humidity, defoliation 
and early planting are desirable. 

Bare-root trees are usually delivered packed in damp moss in large packing 
boxes lined -with oiled paper. The packing moss must not be permitted to dry 
out. The tops and roots of bare-root trees should be pruned back when the trees 
are taken from the nursery (see chap. i. pp. 34r-3o). In planting, they must 
be handled carefully. Evei^’thing must be ready. The trees should be irri- 
gated immediately after planting. Only one tree at a time should be removed 
from the moss, and if it is not planted right away, the roots should be wrapped 
in a wet burlap sack to reduce to a minimum the time they are exposed. 

When the tree is placed in the hole, only moist soil must be %ised in back- 
filling. The moist soil should be poured down the sides of the hole so as to 
make an inverted cone, thus making it possible for the planter to spread and 
adjust the roots. While they are being adjusted, little tamping or packing of 
the soil can be done except with the fingers ; hence it is necessary to rely upon 
water to settle the soil in and ai'ound the roots. This is done by immediately 
filling the hole with water enough to soak the soil thoroughly as soon as it is 
replaced. During rainy periods in humid climates ti-ees may sometimes be 
planted without watering, but usually a thorough watering is given- as soon 
as the trees are planted. Because of the increased amount of loose soil used in 
filling the hole in bare-root planting, it is better to set bare-root trees some- 
what higher than balled trees, to allow for greater settling. The hole should 
be entirely filled with soil before iiTigation water is allowed to flo^^• into it. 

Immediately after watering, the holes should be carefull.y refilled with 
moist soil to cover all exposed roots. The trees may be straightened somewhat 
at this time, but it is dangerous to attempt to lift or pull the tree, as roots 
that were carefully spread -when planted may be stripped off or pulled loose. 

After the holes are refilled and the exposed roots are covered, basins similar 
to those for balled trees shordd be made, and after a few days another irriga- 
tion should be given, and from then on as often as necessary. The first few 
irrigations, both for balled and especially for bare-root trees, should extend 
to the trunk of the tree. This type of irrigation is not good practice in older 
orchards, but it is necessary for best results -with newly planted trees. When 
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the root system is restricted, all the soil containing roots should have availah]|p 
moisture. 

Advantages of hare-root trees. — ^Bare-root trees have some advantages over 
balled trees. They are much more economical to handle and ship if they are 
to be moved any great distance. As an example, California nurserymen have 
successfully shipped thousands of citrus trees to Brazil and South Africa. 
The trees had to cross the tropics, and thus were subjected to extremes in 
temperature ; they were in transit some three to five weeks, during which time 
it would have been almost impossible to maintain proper moisture with balled 
trees, and uneconomical to ship so great a weight of soil along with the trees. 

In order to ball a tree it is necessary to cut off all lateral roots three or four 
inches from the center taproot and reduce this root to the depth of the ball. 
Bare-root trees are usually dug from larger holes, leaving much more of the 
root system. Bare-root trees leave the root system available for careful exami- 
nation, so that trees with poor roots can be discarded, and cross roots and 
ragged ends can be trimmed or eliminated. Planting trees bare-root also makes 
it possible to treat the root sj’stem with a fungicide for prevention of brown- 
rot gummosis. 

If trees are properly handled, from nursery preparation and digging to 
planting, and properly eared for during the first few weeks after planting, 
very few losses should result. It is best to use balled trees as replants because 
such trees, when scattered throughout the orchard, can be easily handled. 

EPrEOT OE FOLIAGE ON NTOSEBY TEEE8 

Most California nursei'ymeii are delivering their trees pruned back to main 
branches, balled, and not defoliated. If trees are to be shipped or handled 
under conditions of high temperature or desiccating wind, much may be said 
for complete defoliation of the nursery tree before it is dug. On the other 
hand, if trees can be handled normally without being subjected to drying out 
as a result of severe conditions that cause the leaves to transpire moisture 
faster than the restricted root system can replace it, trees with some foliage 
are more satisfactory. 

Trees defoliated in the nursery a few days before being dug will usually 
push out new growth, to the limit allowed by the stored food supply, sooner 
than trees not stripped of tfieir leaves ; but this new growth will be shorter 
than that put out by the trees not thus defoliated. Trees with leaves manu- 
facture some food, and the result is a somewhat more extended growth during 
the first cycle than is achieved by defoliated trees. However, the hazard of 
introducing orchard pests which might be carried on leaves is somewhat 
reduced with defoliated trees. Both types of planting have been successful, 
and under favorable conditions either method can be used. 

TIME OF PLANTING 

In Calif oiTiia, citrus trees can be planted from .January to July, depending 
on the district and the method used. Trees should never be planted when they 
are approaching the season in which they would normally go dormant. They 
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should have enough growing time to put out a full growth cycle and mature 
it before entering the winter season. 

Balled trees can be planted earlier in the spring than bare-root trees. They 
do not immediately need to replace completely their small feeding roots in 
order to put out leaves. The soil, therefore, need not be so thoroughly warmed 
up. Early spring planting gives the tree a period in which to rebuild its 
balance gradually as the weather changes and the soil warms up to growing 
temperatures; it will not then be subjected to the maximum stain of hot 
weather without time for some readjustment to its reduced and unbalanced 
root and top system. Commercial plantings should always be made at the best 
season, which for balled trees in most parts of California is during March, 
April, and May. In desert sections, such as the Coachella and Imperial valleys 
in California, where the winter heat permits grow'th, earlier planting, in 
January or February, is favored in order to get the trees established before 
the hot weather of late spring. 

Bare-root trees should not be planted until the soil is warm and the growing 
season is well begun. Placing bare roots in a cold soil delays new robt growth 
and may result in decay. Bare-root trees are therefore not planted until late 
April or May. 

The best time for planting varies in different countries and must be deter- 
mined by experience in each section. In Florida, for instance, where the main 
dry season begins in March and extends to the beginning of the summer rains 
in June, the best time to plant is in Januai’y and early Februai*y (Camp et al., 
1945) . Early summer planting after the rains begin is also considered fairly 
satisfactory, if trees can be obtained in a dormant condition and a sufficient 
amount of wmter is provided. 

CARE OF NEWLY PLANTED TREES 
PBOTECTION AGAINST INJTJBY FROM RODENTS AND PESTS 

Once the orchard is set out and irrigation started, the problem of rodent 
and pest control becomes important (chap. xvi). Gophers and rabbits are 
frequently a constant hazard. Rabbits may chew the bark off a tree, causing 
serious injury, and even cut very small trees completely off. Rabbits are seldom 
a problem when trees are three or four jesrs old. Wrapping with paper or 
heavy whitewashing is usually a sufficient repellent. 

Gophers, and in some places field mice, are a constant hazard. Gophers mi- 
grate from adjacent uncultivated land, burrow in the ground, and may com- 
pletely girdle trees underground. The injury may not be observed until it is 
too late to save the trees. Gophers are easily controlled by the alert grower 
who constantly has traps or poison ready for setting as the burrows are found. 
Field mice do not present a serious problem except where Jitter or trash is 
permitted to accumulate around the trunk of a tree, offering a haven and a place 
under cover next to the trunk that invites girdling of the tree at ground level. 
Mulching with straw or leaves and permitting prunings or trash to accumu- 
late around the trunk is therefore hazardous. Moles live on grubs and insects 
inhabiting the soil and are not dangerous pests except as they interfere with 
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irrigation by burrowing across furrows and causing the water to run astray. 
Insect pests do not usually constitute a major problem in the first year or so. 
If clean nursery trees are obtained, scale control should not be necessary for 
some time. Aphis may cause damage to the young growth and should be con- 
trolled with nicotine sulfate spray or dust. Thrips also affect young trees in 
interior areas and may require treatment {chap, xiv) . 

P'ROTECTIOjST against sxinbtjhn in arid regions 

The use of tree protectors. — In regions of low humidity and high tempera- 
tures, trees should be given protection against sunburn as soon as they 
are planted. For this purpose ordinary newspaper loosely wrapped around the 
trunk is quite satisfactory. The wrapping material must extend from the 
ground up to the branches. The string or raffia used in tying the wraps should 
be of such quality that it will decay and break by the time tree growth has 
tightened them ; this will prevent girdling of the tree by string that has not 
been cut in time. 

Several kinds of tree protectors manufactured especially for the purpose 
are effective, comparatively inexpensive, and easily attached. Those used in 
California are made of thick paper or yucca wood, with attachment wires 
to hold them in place. They are usually fastened loosely around the tree, per- 
mitting circulation of air, and thus are less likely to cause tree girdling than 
tightly wrapped tree protectors u'hieh may not be properly applied or looked 
after. 

Dark-colored wrapping material is undesirable. Unless enough space is left 
for ventilation, dark material may absorb heat enough to cause injury. Trees 
have been observed on which the bark had been killed under a dark burlap 
wrapping while bark exposed to the direct sun had not been injured. Where 
wrappers are used on trees in heavy soil, care should be exercised to prevent 
free moisture from collecting at the base of the tree. Infection causing gum- 
mosis has occurred under such conditions. 

Whitewashing. — ^Most tree wraps will last through two years, after which 
protection is not usually necessary. In some localities tree wraps cannot be 
used, because of the haven they offer to certain ants and other insects that 
cause serious injury to the tree under protection of the wrap. Whitewash 
applied to the trunk from the branches down offers the best solution to this 
problem. Whitewash is not only adequate as a sunburn protection, but also 
acts as a repellent to insects and rabbits. Any good whitewash mixture or 
commercial cold-water paint can be used. (For a formula see the appendix 
to this chapter.) 


protection against frost injury 

Protection iy wrapping. — ^Young trees are more subject to frost injury 
than old trees and thus in mans’- sections require special protection during the 
first two or three years. ( See fig. 109.) 

Palm leaves, cornstalks, and stalks of milo maize, sorghum, and similar 
plants are materials which may be used. Sudan grass, planted in rows so that 
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it may be cut and laid on a wagon bed, later to be carried along the young 
tree rows and easily removed for wrapping, is satisfactory. 

Wliere strong winds occur, it may be necessary to stake the small tree, 
especially after wrapping. Great care must be exercised when staking young 
trees not to pull the tree to the stake when tying it, as this frequently results 



rig. lO.'j. Toung navel tree.'! wrapped with jraliti leaves 
for frost protection- Ivotice trot* ^vraps lor jirul.etrtioii 
against rodents and sunburn, and stakes to suj'port trees 
against severe wind. 


in broken trees, especially if the bud union is not well healed over. Ordinary 
binder twine or the twine from shook bundles obtained at packing houses is 
satisfactory for tying ti-ees to the si akes. When the last danger of frost is over, 
the tree wrapping should be removed, and if it is of such material that it can 
be cut up by ordinary cultivating tools at the time of spring working, it can 
be spread in the middles between rows, away from the trees, thus adding 
organic matter to the soil and saving haulage labor. 

If Sudan grass or corn is grown in the orchard to pro^'ide wrapping material, 
it may be growm in the tree row, or in the space between rows if the oi-cliard 
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is not intercropped. Such plants are heavy feeders and should be grown at a 
distance of at least 6 or 8 feet from the small trees. 

Protection by mounding . — In districts ■where severe freezes occasionally 
occur, soil is often mounded high enough around the trunks to protect the bud 
union and part of the trunk. In the Satsuma districts of the Gulf States, trees 
were formerly headed low enough to permit the mounding to include the main 
crotches of the tree. In certain districts of Florida and Texas the most vul- 
nerable part of the tree is the bud union, and freezing may cause girdling 
at that point; hence mounding has been a method of protection employed 
there, also. 

Some hazard exists in permitting earth mounds to remain too long. If condi- 
tions develop that are favorable to fungus infection, bark decay and serious 
injury to the tree may result. Mounds are therefore thrown up as late as pos- 
sible for protection and pulled down as soon as the frost hazard is over. 

FERTILIZING THE YOUNG TREE 

During the first summer, young trees can be fertilized with nitrogenous 
fertilizer ; a light application in the basin around the tree, just prior to irriga- 
tion, two or three times in the course of the growing season, will usuallj’^ result 
in better growth. One or two shovelfids of dairy majiure, free from straw, 
applied soon after planting, with a good mulching of similar material in the 
fall, will add to the tree’s growth the first year. Care must be exercised to 
keep the manure from coming in contact with the trunk of the tree. Fertiliza- 
tion is especially desirable for replants in a mature orchard or in a reset 
orchard where the soil maj' be depleted. 

Fertilizers are sometimes mixed with the soil in the tree holes at the time 
of setting the trees, but this is hazardous. Well-rotted manure well mixed with 
several times its bulk of soil and kept completely away from the ball or roots 
of the tree can be used with safety. A vei-y light application of commercial 
fertilizer, especially organic materials such as dried blood and cottonseed 
meal, might be mixed in the soil before it is used in refilling the holes. However, 
satisfaetor}’^ tree growth can be obtained by applying such fertilizer after 
planting, and this in general is the safer practice. Camp (Camp et al., 1945) 
advises that, in Florida, a small amount of fertilizer be added to the soil around 
the tree, covering an area slightly larger than the basin in which roots were 
originally iDlaced. 

WINDBREAKS FOR CITRUS ORCHARDS 

TYPES OP WINDS AND WIND DAMAGE 

Thei’e is scarcely a citrus grower who ha.s not at one time or another seen 
the results of severe wind injury in unprotected orchards, particularly in 
areas where the periodic desiccating winds (the so-called “desert” winds) 
have partly defoliated trees and blown off an appreciable amount of fruit. 
In southern California the damage has in large measure been prevented by 
the planting of miles of windbreaks, bringing into production valuable citrus 
lands that otherwise would be untenable for that crop (fig. 110) . 
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Early records and statements of pioneers bear witness to the violence of 
these storms. After windbreaks were planted, and the plantings grew in height 
and density, the force of the wind became much less noticeable, and in some 
districts it seemed that “the climate had changed.” What had really happened 
was that the naturally recurring winds were being deflected upward from 
one windbreak to the next, so that groimd velocities were reduced, and hence 
major losses were no longer suffered in horticultural crops. 

Changes of ownership occurred, and the new owners, after a few years of 
tenancy without damage, decided that windbreaks, which reduce the yield 
of the outer rows of the orchard, were no longer necessary and removed them. 
In many places, long rows of W’indbreak trees have been replanted even before 
the trash and stumps from the old, established windbreaks cut down by new 
owners could be removed. The replanting has followed serious injury where 
the original w’indbreak previously had provided adequate protection. 

Similar injurious w’inds occur in many citrus-growing regions. In some 
citrus areas, as in Florida, Texas, and the West Indian islands, severe hur- 
ricanes may occasionally cause great destruction. The discussion given here 
is limited to conditions occurring in California, but the principles involved 
apply to any location. 

In districts where windbreaks are necessary fewer orchard trees can be 
planted per acre, because of the marginal space needed for the windbreaks, 
and because the shading by the windbreak affects both growth and produc- 
tion, especially to the north of a mature east-and-west windbreak row. Orchard 
heating may have to be started earlier, although the loss of heat through air 
movement should be less. If eucalyptus trees are used as windbreaks, the 
orchard may be reinfested by red scale, control of which on eucalyptus of the 
size commonly seen in windbreaks is difficult if not entirely impracticable. 

Continuous winds of low velocity. — In general, there are three types of 
winds again, st which protection must be provided. First, there are those gen- 
eral winds of rather low A^elocity which do not affect older trees but which 
may blow so continuously at some seasons that young trees may be n?isshapen 
by them and “blown over” on one side. Mature trees usually have the weight 
and stiffness required to overcome such winds. 

Coastal wind's. — In areas along the coast, winds coming off the ocean affect 
horticultural crops from one to five miles inland. Their velocity is usually 
not great, but weather conditions where they blow, mainly the temperature, 
are not ideal for tree growth and fruit setting. Blanchard (1934) gives the 
results of fruit counts on protected and unprotected Eureka lemon trees in 
Ventura County, California, where coastal winds prevail (table 20) . 

Winds of great velocity. — The third type of wind is that of great strength, 
often reaching an average velocity of 35 miles per hour with gusts of 50 miles 
per hour or greater. Such winds are usually accompanied by low relative 
humidity and high temperature if they occur in the early fall, not entirely 
because they originate on the desert, but because of dynamic compression 
accompanying their origin (Young, 1933). They are not serious every year, 
but at irregular intervals. 
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These ■winds whip the trees violently, strip off leaves, break branches, and 
tear off much fruit. Furthermore, the fouit not torn off is reduced in value 
by scarring and bruising. 

Even if serious mechanical injury does not result, high winds in spring or 
fall are sometimes so hot, and the relative humidity so low, that leaves are 
killed by scorchi 2 ig. One of the most serious effects also is the extensive killing 
of small twigs. Trees will put out new growth, but such growth will at first be 
weak, and the tree may be in poor condition for several seasons. The fruit that 
remains will be small and of poor quality. Growth is usually best on the lee 
side of the tree, making the tree unbalanced and less able to carry a good 
crop of fruit. 

TABLE 20 

INFI.UENCE OP Coastal "Winds and Windbreaks on Yibxds 
OP Young Eureka Lemon Trees* * 

Average number of fruits per tree 


1 

With no With 

i windbreak windbreak 


Four nine>vear-oId trees 07 I 710 

Five four-year-old trees 55 . 2fi8 


* Adapted from Blanchard, 1034, 

Figure 111 illustrates a Valencia tree photographed a few weeks after a 
severe desert wind. This is a typical example of the extreme injury that may 
occur rather frequently in certain citrus-producing sections of southern Cali- 
fornia if protection by windbreaks is not provided. 

EFEECTIVENESS OF WINDBREAKS 

Reduction in wind velocity . — The effectiveness of windbreaks in protecting 
citrus orchards in California from damage by winds of higli velocity and low 
humidity is well illustrated by the data given in tables 21 and 22. Table 21 
gives the actual reduction in ■ndnd velocity as recorded by anemometers, and 
table 22 shows the segi'egation of fruit bj'- grades from packing-house records 
illustrating the effect of windbreak protection as compared with damage to 
unprotected trees in adjoining orchards. 

Reduction in loss from evaporation . — The drying power of wind is reduced 
in about the same proportion as its velocity. Bates (1924) states that “in the 
immediate lee of the most effective ■windbreaks evaporation is reduced as 
much as 65 per cent.” The value of a windbreak as a protection against loss 
by evaporation and transpiration during periods of extremes in temperature 
and relative humidity has been demonstrated many times. It is not probable 
that serious injury would have resulted to adequately irrigated orchards under 
such atmo.spherie conditions as existed from October 16 to 18, 1935, had the 
seventeen-mile wind that accompanied these atmospheric conditions been 
reduced by windbrealus. Compare the reduction in wind velocity by wind- 
breaks given in table 21 for November 1 8, 1925. 
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Pig. 111. Effect on a Valencia orange tree of a dry ivind that defoliated 
its top and windward side. (Erom Calif. Agric. Exper. Sta. Bull. 484.) 


Figure 112, from a self-recording temperature and humidity instrument 
at the California Citrus Experiment Station near Ilivei’side, illustrates the 
extremes to which atmospheric moisture may drop. The lower line shows the 
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relative Inimidity dropping from 94 per eeut of saturation — a wet, foggj' 
condition on the morning of October 16, 1935 — to a relative humidity of 12 
per cent, iu seven hours. The drop in humidity was aecompanied by a rise 
in temperature from 45° F. to 80° P. and intermittent winds to seventeen 
miles per hour as shown by ad.iaeent recording anemometers. 

TABLE 21 

Wnu) VEiiOriTiEs is the Open asd uBaiiND Windbreaks* 


Miles per liour 



Average 

hourly 

Average 

hourly 

maximum 

Maximiuu 

for 

period 

Jvovemher 1&, lUSo 

Station in open. . .... 

Station 166 feet behind windbreak'^ . 

Decrease due to windbreak. .. 

12 

5.5 

54 per cent 

15 

6.5 

57 per cent 

27 

15 

45 per cent 

December B-10, 19^ 

Station in open 

Station 310 feet behind windbreak" . 

Decrease due to windbreak. . . 

IS 

s 

56 per cent 

22 

9 

51) per cent 

29 

13 

55 per cent 


* From YoucC' WIT. 

0 Windbreak made up one-half of eucalyptus (blue gitm) about 95 feet high, and one'>half of Monterey cypress 
about 70 feet high. Both the eucalyptus and the cypress were about 30 years old at the time these data were com- 
piled. 


TABLE 22 

Effect of Winpbkeak ok Geade of Fruit* 
(Per cent of each g^rade) 





Grade of fruit 


Locution of trees 



“1 r 


1 



J’aucy 

.Lxlra choice' 

Choice 

1 Standard 

Protected area 


13 

) i 

21 

i ° 

Unprotected area. 

• 1 
1 

5 

i « 

1 1 

35 

11 


* Adapted from Wahlberg. 1933. 


This period of low relative humidity and moderately high temiieratures 
prevailed day and night for three days, resulting in very severe leaf burn to 
exposed trees on the Avindward side. No breakage resulted; only leaf burn 
and 3 'oung twig injury. The period of low humidity and gentle winds was 
followed by two days of heavj’ Avet fogs in the early morning, then three days 
of Aviiids i-eachiug a A’eloeity of appi’oximately 50 miles per hour in gusts, 
with an average for one hour ou the morning of October 23 of 38 miles per 
hour. This latter Avind resulted in seA-ere mechanical injury to all exposed 
citrus trees. 

It may be questioned whether sections so windj’' as to require extensive wind- 
break plantings should be employed for eitims. A windbreak occupies a con- 
siderable part of the productive area and greatly reduces the returns per 
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acre — so mucli so, indeed, that the planting may be unprofitable. Unless other 
factors are sufficiently favorable to offset wind damage, sections so windy as 
to require extensive windbreak protection should be avoided in choosing a 
citrus-orchard site. 

ARRANGEMENT AND PLANTING OP WINDBREAKS 


Windbreaks as part of the producing area. — ^Windbreaks, where vitally 
imi)ortant, are being developed as part of the producing area. They are irri- 
gated, fertilized, and handled with equally as good management as the citrus 



Pig. 112. Tom]ioiature and relative humidity recorded at the Citrus Experiment Station, 
Riverside, California, October ]5-2U, 19.15. These atmospheric conditions accompanied light 
winds, causing no mechanical injury to the trees. Note low humidity night and day. 


part of the plantings. A windbreak does not, of course, iiroduce fruit ; but if 
it affords such protection to the adjoining citrus trees that the yield per acre 
is increased, as compared with unprotected groves, it is proper to consider it an 
essential part of the producing area. 

Permanent windbreaks. — Permanent windbreaks should be planted, if pos- 
sible, two or three years befoi-e the citrus, so that protection will be available 
as soon as possible. Many varieties of trees are available for windbreaks, but 
only those varieties should be considered which are suitable to the climate 
and soil conditions and which, if possible, are not affected by insects and dis- 
eases attacking citrus. A good windbreak tree must be upright in growth and 
occupy as little space as possible, tall, mechanically sti’ong, rapid-growing, and 
of a density sufficient to offer the necessary resistance to the prevailing winds. 

In areas where frost is a hazard and orchard heating is not practiced, it 
may be desirable to use a somewhat open type of tree. This permits breezes 
or air currents to flow through and thus reduce the cold pockets resulting 
from poor air drainage. If orchard heating is practiced, it is more desirable 
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to have a dense windbreak, especially if the cold is likely to be accompanied 
by a breeze which so dissipates the heat that orchard heating is inefficient. 

Some species of trees used for windbreaks may extend their roots for food 
farther than others do — even several tree rows into the orchard. Eoot cutting 
next to the citrus trees must then be done once or twice a year, with deep- 
subsoiling tools and specially constructed root-pruning equipment. The wind- 
break must also have ample irrigation and fertilization, so that the trees will 
make the best possible growth with minimum extension of the root system. 

Distance between windbreaks . — ^Practical experience and the use of self- 
recording anemometers have shown that windbreaks placed about 300 feet 
apart are adequate to protect most orchards. Table 21 illustrates the results 
from placing anemometers 165 feet to the leeward of a 95-foot -windbreak, 
where a 45 per cent decrease in wind velocity was recorded with a wind which 
reached 27 miles per hour, and 55 per cent at 310 feet with winds of 29 miles 
per hour. Similar results were recorded by Wahlberg (1939) for such dis- 
tances, but with only a slight reduction at 500 feet to the leeward side of a 
mature windbreak. 

Ordinarily, w'inds of an average velocity of 20 to 25 miles per hour will not 
do serious damage unless accompanied by an extremely low relative humidity 
and a very high temperature. A wind with a velocity of even 45 miles an hour 
might be so reduced by a good windbreak as greatly to lessen the damage to 
a mature citrus orchard. Windbreaks every 300 feet more or less would be 
necessary to cope with winds of such average velocity. 

Windbreaks and property lines . — In many localities the planting of wind- 
breaks has come to be more or less a community or district project. Because 
the protection is needed, and the windbreak management has been well con- 
ducted, little conflict has arisen between neighbors over property rights and 
root extension. However, it is well to insure permanency of the windbreak by 
planting it well within the propei-ty lirxe, thus providing adequate root space 
and anchorage if adjoining property requires the cutting of encroaching roots. 
Entering into an agreement with owners of adjoining property for permanent 
protection of the windbreak may be desirable (R. L. Miller, 1936). 

When planting is done beside highway rights of way, consideration must 
be given to future pipe lines, power-line poles, and street-widening activities. 
Most county road departments have definite regulations governing the loca- 
tion of utilities and trees for different road right-of-way widths. These regula- 
tions should be carefully considered before planting, in order that, as far as 
can be determined, no conflict of windbreak and future utility installations 
■will result. 

Selection and planting of seedling trees . — Only trees of normal growth, 
medium size, and well-developed root systems should be used. Small young 
trees 6 to 10 inches high that have not been checked in their growth by the 
container in which they were planted are most desirable. The method now 
most generally employed is to grow the seedlings in some kind of temporary 
deep paper pots, about 2% to 3 inches in diameter by 6 to 8 inches deep. Trees 
gro-wn in such paper pots or other small containers to a height greater than 
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10 or 12 inches are too often partly potbound — a very undesirable starting 
condition for a tree that is to withstand the effect of strong winds. Trees 8 
inches high in flats 2 to 3 inches deep, hardened off for transplanting, give 
most satisfactory results. Trees much taller than this are undesirable. The 
small trees can be cut out and planted with the square of soil surrounding 
their roots. They seldom, if ever, have curled roots when grown in shallow 
flats and transplanted at that stage of growth. 

Eemoving well-grown trees from flats by cutting out a square of soil con- 
taining the roots seldom checks the growth of the young trees, if they are not 
subjected to too severe conditions the first few days after transplanting. Such 
trees planted early in the spring just as the normal growing season starts 
will have a long growing season ahead of them. With proper care and manage- 
ment they should enter their first winter in the best condition to resist the 
winds that may be as severe upon them their first year as upon citrus. 

Where the climate is severe, or where winds blow before the small trees are 
well started, a shingle set at an angle to protect the small tree from wind 
and sun, and from soil movement that would cut the tender stem, is necessary. 
If the small tree is not sufficiently irrigated and protected, a row that is 
irregular in density may result. It is necessary that all trees come up together, 
as it is extremely difficult to fill in a gap by replanting. 

Planting distance. — If a single row of trees of one variety is to be set, the 
trees should be planted 5 or 6 feet apart. If a tall-growing type is to be used, 
such as the blue gum {Eucalyptus globulus), interplanted with a shorter but 
dense type such as the Monterey cypress {Cupressus macrocarpa) , they are 
set as alternate trees, those of the tall variety -being placed 10 or 12 feet apart. 
A double row may be desirable, in which event the rows should be 5 to 6 feet 
apart, with the trees in one row opposite the spaces in the other row. 

Pruning the tvindbreaJt. — Every effort should be made to promote and 
retain growth near the ground. The windbreak should be uniform in density 
from the ground up, and no pruning should be done that would tend to reduce 
the density of the tree or remove limbs that cannot be replaced. 

With eucalyptus such as the blue gum it may be desirable to cut the top out 
of the tree when it has reached a height of 6 feet. By use of the pruning shears 
about a foot of the central leader is removed. This stops the very rapid ini t. ia.1 
growth, which is usually rather spindling, and causes the tree to stiffen up and 
mature its growth. It also tends to promote lateral branching near the ground. 
If the trees are well eared for and growing vigorously, the cutting results in 
only a temporary cessation of growth and will result in much better root 
development and more mature tops to stand the first season’s winds. If the 
trees are making an unduly vigorous growth, a second topping may be neces- 
sary when the trees reach a height of 8 to 10 feet. Vigorous growth is desirable 
even though topping has to be resorted to. 

Where double rows of blue gum have been planted close together, it is fre- 
quently desirable after a few years to prune back severely every other tree, 
or every tree in one row. This will cause vigorous growth to come out low 
down on the tree, thus replacing branches at the lower levels which have been 
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shaded out or lost from other natural causes. Trees are often planted somewhat 
closer together with this object in view. 

TREES USED EOR WINDBREAKS IN CALIFORNIA 

Eucalyptus globulus (blue gum) . — The blue gum is one of the most satis- 
factorj’’ windbreak trees employed in California. It is a rapid grower, struc- 
turally strong as a mature tree, and deep-rooted. It is tall and reasonably 
narrow in its spread as compared with its density. Figure 110 (p. 285) illus- 
trates a well-managed single-row windbreak of blue gum, showing its density 
near the ground and, because it has been regularly root-pruned, irrigated, 
and fertilized, has had a minimum effect on the adjoining Valencia orange 
trees. 

The blue gum is not a satisfactory teee in the desert areas of California, 
such as the Imperial and Coachella valleys, where extremelj’- high temperatures 
and low humidity prevail. It is also somewhat susceptible to injury by low 
temperatures where conditions are such that it may not go as dormant even 
as citrus. Temperatures of 15° F. may seriously injure Eucalyptus globulus 
if the trees are not in complete donnanej’- or if such temperatures prevail for 
any 1 ength of time. 

Eucalyptus globulus compO'Cta (bushy blue gnm). — A new variety of the 
blue gum is now being tried because of its low, compact growth, which develops 
densely enough to stop the wind from going through the windbreak at ground 
level. It is used as an interplant in rows of Eucalyptus globulus. 

Eucalyptus vimimlis. — If the conditions are unfavorable for Eucalyptus 
globulus, the Manna gum (Eucalyptus viminalis) may be used. It is not so 
tall a grower in relation to its breadth and is to be considered as only a sub- 
stitute for the blue gum where the latter species cannot be grown. 

Eucalyptus rudis and E. tereticornis. — These are species generally unsatis- 
factory for windbreaks except where E. globulus or E. viminalis cannot be 
grown. However, in areas of continued high temperature and low humidity, 
such as in the Imperial and Coachella valleys in California, they seiwe satis- 
factorily if a euealypt is desired. For general use, no eucalypt tested thus far 
has proved so satisfactory for a windbreak as E. globulus. Most species are 
mainly either too broad-spreading, too brittle, or too open in their type of 
growth. 

Cupressus macrocarpa (Monterey cypress). — This species was formerly 
widely planted as a windbreak, especially in coastal areas of California, but 
because a fungus disease, Cupressus canker (Coryneum cardinale) has caused 
severe tree loss, its use has largely been discontinued (Wagener and Dimoek, 
1943) . Cupressus Forbcsii, a species believed to be more resistant to Coryneum 
infection, has been trial-planted in some districts. Eucalyptus species, however, 
especially the blue gum, have proved so satisfactory in most districts that they 
have quite generally been used in.stead of cypress. The degree of resistance 
of other species of cypress to Coryneum infection has not been fully deter- 
mined. but apparently they are not so susceptible as the Monterey cypress 
(Wolf, 1939; Thompson, 1939) . 
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Cupressus arizonica (Arizona cypress). — This species can be substituted 
for the Monterey cypress where the latter is not adapted. It is not satisfactory, 
however, and has not been widely planted for this purpose. 

Cdsuarina stricta and C. equisetifolia. — These species of Australian trees, 
though not frequently seen, may make satisfactory windbreaks if very dense 
and tall trees are not desired. They are light feeders, and evidence is available 
to show that they have nitrogen-fixation powers similar to legumes (Mowry, 



Fig. 113. Atliel (Tamarix articulata) windbreak protecting young grapefruit 
in tlie Imperial Valley. 


1938, p. 29) . They do not grow so tall and dense as the blue gum and are not 
such rapid growers. 

Tamarix articulata (Atliel). — This desert tree from northern Africa is ad- 
mirably adapted to desert growing conditions (fig. 113). It is easily propa- 
gated by cuttings and, if an abundance of water is available, makes very rapid 
growth where hot, dry weather prevails. It cannot be classed as a drouth- 
resistant tree, since it demands heavy irrigation under the prevailing high 
temperatures of desert sections. It is a dense, rapid-growing tree reaching a 
height of 45 feet in a few years. The principal objection to the Athel tree is 
that it is a voracious feeder, extending its roots to distances several times 
its height into the adjoining cultivated area. It therefore demands the best 
in cultural practice and windbreak management if it is not to deplete several 
rows of the adjacent orchard it is protecting. 

Oleander and sour oranges. — These have sometimes been employed where 
low windbreaks were desired, but owing to their great susceptibility to insect 
infestation they are not satisfaetory. Palms also have been used, but do not 
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fulfill tlie density requirement and are rarely employed except •where an orna- 
mental effect is wanted. 

No attempt is made here to discuss aU the trees and shrubs that could he 
employed as windbreaks. The species best adapted to a certain seotion may 
not be satisfactory under different environmental conditions. Growers who 
find it necessary to use windbrealm should be mainly guided in their choice 
of species by the local experience available. 
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APPENDIX TO CHAPTER V 

A fonniila for whitewash CWogrltim, ) whinh has been satisfactoiy with 
respect to reflection of light, adhesiveness, ease of preparation, and low cost, 
as well as possible stimulative effect, developed for spraying defoliated trees 
but adaptable to brushing, is as follow's : 


Hydrated lime 50 lbs. 

(Any good grade may be used; dolomite sticks well.) 

Zinc sulfate 4 lbs. 

Water 300 gals. 


(These materials may be introduced directly into the spray tank.) 

The addition of one-third pint of liquid blood albumin spreader improves 
the adhesiveness of the mixture. 

Zinc Bordo (5 pounds) may be substituted for the zinc sulfate, with 
comparable results. 

Stone lime may be used, but is more troublesome to prepare since it must be 
slaked and allowed to cool outside of the spray tank. 

In whitewashing the trees, the pressure should be reduced below 300 pounds 
and a No. 9 disk used. 

The amount of water should be reduced if the material is to be applied with 
a brush. 




Chapter VI 


CtTLTIVATIOlT, OB TILLAGE 

BY 

WAEEEN E. SCHOONOVEE and LEON D. BATCHELOE 

M uch has been said and written about the importance of cultivation, or 
tillage,' ill the production of various agidcultural crops, and numerous 
investigations have been carried on to measure the effect of cultivation 
oil yields. Nearly all the experimental work has been conducted with annual 
crops, such as small grains, vegetables, and corn, tlie prime importance of 
cultivation in the preparation of a good seedbed for the favorable establish- 
ment of annual crops being generally acloiowledged. The large amount of 
practical experience and research with annuals cannot, however, be applied 
directly to orchard crops; for whereas Ihe roots of the annual crops become 
established to some degree in the surfactfsoil that is tilled in preparation for 
the growth of the crop, the roots of orchard trees are mainly below the tilled 
zone, or are destroyed bj’ periodic tillage if they grow into this zone. The 
orchardist is therefore confronted with the problem of determining just how 
much and what type of tillage is essential for tree crops. 

‘Some of our tillage practices are the outgrowth of customs developed under 
conditions verj’- diffei*ent from those now obtaining, a point well brought out 
by Russel] and Keen (1938, p. 232) : “Cultivation methods were developed in 
the days when horses or oxen were the only sources of motive power. Except 
at the busiest times of the j'ear, some men and horses would be free, and w'hen 
circumstances peimitted it was natural to use them on the land in the belief 
that if an operation improved the appearance of the soil the crops must benefit. 
Hence there may be tno kinds of eultii’ation operations, those essential for 
good crops and those that are really spare-time occnjiations. Many of the latter 
have become merged in the body of agricultural tradition, so that it is not 
now pos.sible without experiment to distinguish between essential and sub- 
sidiaiy operations. Two important features of niodeiui arable farming are 
the rapid i-ise in the cost of agricidtural labour . . . and the partial replacement 
of the horse by the tractor. To enable the wage scales to be paid the output 
per man must be increased and the cost of cultivation reduced as much as 
possible.” 

It may thei-efoi'e be profitable to omit some cultivation operations even 
if yields are slightly reduced. All citrus growers should give thought to the 
necessity of each and eveiy cultural operation. The procedure adopted will 
vary greatly with the natural conditions — the character of the soil, rainfall, 
prevalence of weeds, and othei' local factoi-s. It may be well always to keep in 
mind that the functions of cultivation, aud of the surface soil, may be very 
different in an established orchard from Avhat they are where annual crops 
are grown. 


’ The terms cultivation and tillage are used interchangeably throughout this chapter. 
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Citrus is grown in environments varying widely with respect to soil, climate, 
and economic conditions. It is therefore entirely impractical even to attempt 
to recommend a tillage procedure for citi’us orchards in general. There are 
extremely gravelly soils in some California orchards, where any tillage of 
consequence is futile. There are extremely sandy soils in Florida, and to a 
less extent in California, where little tillage is needed. There are other soil 
types, especially the Ramona and Placentia loams in. some California orchards, 
where tillage is needed but, if excessive, is harmful to the soil structure. This, 
ill turn, may have an adverse effect upon the infiltration rate of irrigation 
water and rainfall, and it is to he remembered that slow moisture infiltration 
is often a factor in causing soil-erosion problems even in orchards of only 
moderate slope. On the other hand, there are deep friable soils where tillage 
may be essential and relatively harmless. 

Thus the widest possible variety of cultivation practices may be found in 
orchards equally successful. Or there may be no cultivation at all. In fact, 
several practical, localized systems of orchard management have been de- 
veloped, both in Florida and in California, that do not involve cultivation or 
tillage. In this chapter, therefore, the principles involved in the cultivation 
of orchard soils are dwelt upon, rather than definite recommendations, which 
will naturally result from local experience. 

A discussion of tillage in relation to the production of citrus fruits might 
well be limited to a statement of the most common unfavorable conditions 
that can be overcome by soil-stirring operations, and to a description of effec- 
tive methods of conducting them. It is necessary to consider soil-stirring in an 
orchard as possibly having observably harmful aspects, as well as beneficial 
aspects. The purpose of each tillage operation should therefore be appraised 
carefully in relation to conditions existing in the orchard at the time the 
operation is contemplated. If the probable benefits to be derived are not likely 
to exceed the possible damage sufficiently to justify the expense, the operation 
should be omitted. 


PURPOSES OP CULTIVATION 

The principal purpose of cultivation is to create a more favorable environ- 
ment for the plant, with respect to moisture supply and availability of the 
nutrients supplied by the soil, than would prevail if such operations were 
omitted. 

The relative effectiveness of cultivation in attaining these objectives will 
vary with the season, the character of the soil, and the nature of the crop 
(Baver, 1940). In orchards on some soils, cultivation will increase the rate of 
infiltration of water, especially at the beginning of an irrigation period or 
during the first few hours of a heavy rainfall ; in orchards on very sandy 
or gravelly soils, this is not an important consideration. 

Since weeds compete with trees for both soil moisture and nutrients, such 
competition is important, especially in rather infertile soil and in seasons of 
low rainfall, and the elimination of competitive weed growth becomes one 
of the prime objects of cultivation. 
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Briefly, the aim of cultivation in an orchard is to control ■weed competition 
and to aid in keeping the soil in a state of good tilth. And soil tilth, according 
to Russell (1938, p. 34), “has often been defined as something every farmer 
can recognize but no scientist can describe. . . . Originally the word was used 
in sentences such as ‘the soil is in tilth for ploughing.’ . . . Tilth in present-day 
farming language is probably more connected with the condition of the seed- 
bed than with the condition of the land at the best time for ploughing.” This 
implies, in part at least, that the soil ■n'hieh is in good tilth is the surface layer 
of a few inches, and that this is the soil which is going to be occupied by the 
roots of the primary crops gro'nm on the land. With orchard trees, however, 
most of the roots are below the zone of soil commonly thought of as in good 
tilth, and the soil of the lower hoidzons may be in good tilth for the welfare 
of the trees when the surface soil is not considered to be in that condition. 
Extreme examples can be seen in soils which, although so rocky on the sur- 
face that tillage is futile or very nearly impracticable, are nevertheless satis- 
factory for the growth of citrus trees. 

According to Baver (1940, p. 291) : “Tilth is commonly defined as the 
physical condition of the soil in its relation to plant growth. This definition 
includes all those soil conditions that determine the qualities of the soil as 
a suitable physical environment for plant growth. It is obvious that soil- 
structure relationships constitute a major portion of this physical condition. 
Adequate aeration, sufficient moisture, ready infiltration of rainfall and so 
forth are functions of good tilth.” 

Control of weed competition. — ^Investigatoi’s are now convinced that the 
principal value of cultivation is to kill weeds and thereby reduce the competi- 
tion for both soil moisture and plant food, rather than to create a dust mulch 
to prevent loss of soil moisture by capillary movement. 

Prior to 1910 it was the belief of many investigators and of numerous 
farmers that the forming of a dust mulch by cultivation was an effective 
means of conserving soil moisture. The theory was that when the surface soil 
is loosened by cultivation the particles of soil are removed from close contact 
with each other and the films of moisture around them lose most of their water 
by evaporation, the break in the compactness of the soil column preventing 
the capillary movement of moisture to the surface of the gi-ound. The dry 
layer of loose soil was thus considered more effective than undisturbed soil in 
checking evaporation. 

The capillary movement of soil moisture from a free water surface was fully 
demonstrated in the early experiments (King, 1904 ; Fortier, 1909) ; the move- 
ment without the presence of such a water table was not demonstrated. It is 
readily understandable, nevertheless, in view of these early experiments, why 
a dust mulch was erroneously considered an effective means of conserving 
soil moisture under average arable conditions. It seems clear now that a dust 
mulch would be effective only when there is a high -water table within capillary 
reach of the surface of the soil — a condition so rarely found in citrus orchards 
that it need not be considered here. Some of the earliest studies to indicate 
the futility of cultivating to create a dust mulch for the conserving of moisture. 
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with no water table present, were carried on with agronomic crops and with 
plants grown in watertight cylinders. 

It was found at the Nebraska Experiment Station (Barker, 1912, p. 110) 
that the loss of water by evaporation from the surface of the soil is very small 
after the moisture reaches an equilibrium, and that “the loss takes place 
mostly when the surface soil is very wet, before the moisture is thoroly dis- 
tributed thruout the soil, and before the soil is in a good tillable condition.” 
This was confirmed by additional experiments carried on during 1910 and 
1911 at the same experiment station (Young, 1912, p. 128) , from which it was 
concluded : 

“1. That a loose soil mulch was not much more effective than an unmulched 
soil in retarding the evaporation of the moisture that is well established in 
the soil. 

“2. That if a hard layer of soil dries out to the depth of two or three inches, 
it will act in the capacity of a mulch. 

“3. That much more of the established soil water is lost thru transpiration 
from the leaf surface of plants than is lost by evaporation from the soil 
surface.” 

These results were confirmed by subsequent experiments (Alway, 1913; 
Burr, 1914 ; Miller, 1916) on the grovrth of various plant roots in relation to 
soil moisture. For example. Burr (1914, p. 76) concluded that “the plant roots, 
to obtain water, extend themselves into the soil zone where available water is 
present, rather than depend upon the water being brought to them by capil- 
larity.” 

Extensive experiments were carried on in Kansas from 1909 to 1916 on both 
dry-farmed and irrigated plots (Call and SeweU, 1917, p. 61), from which it 
was concluded : “A cultivated soil is no more effective than a bare uncultivated 

soil in preventing evaporation The development of nitrates may be as 

ptensive without cultivation as with cultivation.” These results, plus those 
in Nebraska (Young, 1912), aroused the initial doubts concerning the value 
of the cultivated dust mulch as a means of conserving soil moisture. 

Another pioneer experiment carried on at the same time was designed to 
measure the effect of cultivation on crop production in Illinois. Under the con- 
ditions existing in this experiment (Hosier and Gustafson, 1915) , it was shown 
that the yields of corn were as heavy when the weeds were killed without 
stirring the soil as when they were killed with ordinary shallow cultivation. 

Subsequent investigations with respect to citrus orchards in California 
(Schoonover, 1924, 1927, 1930a, 1930b, 1936), Florida (Chase, 1929), and 
Texas (Friend, 1933) , and with respect to orchard cultivation in general (Veih- 
meyer and Hendrickson, 1928, 1930), have confirmed the principles brought 
to light by the earlier studies. The competition between weeds and trees occurs 
from the time the roots of the weeds reach down far enough to intermingle 
with the roots of the trees. Competition from even relatively shallow-rooted 
weeds and grasses is important in citrus orchards, with their rather shallow- 
rooted trees. Even in soils 4 or 5 feet deep, the soil-moisture extraction, and 
thus the apparent root development, have been shown to be mostly in the first 
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3 feet of soil (Beckett, Blaney, and Taylor, 1930), ■with more than 60 j)er cent 
of the roots in the first 2 feet. 

Competition between weeds and trees maj’^ be for moisture or nutrients, or 
both. The seriousness of the possible competition for moisture is indicated by 
the data in table 23, which show that during a period of approximately three 
and one-half months water consumption in a weedy plot of a mature orange 
orchard exceeded that in a clean-cultivated plot of the same orchard by ap- 
proximately 5 acre-inches, or 28 per cent. (See also chap, x, this volume.) 
The weeds in the experimental area started to grow on May 1 and grew vigor- 
ously until they were turned under on August 12, when they were very large. 

TABLE 23 

COMPAMSON OP 'WATEB. CONSUMPTION IN WEEDT AND IN ClEAN-CuLTIVATED 
Okchabd Plots, 1930* 

(In acre-inches) 


Plot 

May 

June 

July 

Aug. 1-12 

Total 


3.3 

— 


5 0 

23 3 


2.5 

1 

n 


4.4 

18.3 



* Data from a mature orange orchard near Redlands, California. Compiled from records of S. H. Beckett, 
Professor of Irrigation, University of California Citrus Experiment Station. 


There seem to be no quantitative experimental data available covering the 
magnitude of competition for nutrients in citrus orchards. Field observation 
indicates that such competition may be very severe, especially during the 
period of blossoming and maturing of weeds or cover crops. The relative im- 
portance of weed competition for moisture and for plant nutrients in the 
cornfield, in Illinois, was shown by Wimer and Harland (1925, p. 174) . After 
conducting experiments for nine years, these authors concluded : “The princi- 
pal object and greatest value of com cultivation on Brown Silt Loam is the 
destruction of weeds. Weedy corn probably suffers more from a lack of nutri- 
ents than from a moisture deficiency in this climate. Since cultivation is the 
only practical method of controlling weeds, the depth and frequency of corn 
cultivation should be determined by their growth. The growth of weeds should 
be prevented in so far as possible by shallow rather than by deep cultivation.” 

The amount of weed growth allowable in an orchard before competition jus^ 
titles the expense of a tillage operation will vary with the fertility of the soil 
and with the cost of fertilizer and of irrigation water, or with the prospective 
rainfall in districts where irrigation does not occur. Small weeds or scatter- 
ings of large weeds are not of practical importance. Large weeds may not be 
harmful during the semidormant period of the trees. It rarely pays to have a 
weed-free orchard, for the amount of tillage required is likely to be too ex- 
pensive, and the detrimental effects on soil structure usually more than offset 
the gains. 

It should be pointed out that while control of weed competition is usually 
accomplished by some sort of tillage or soil-stirring operation, it may be aecom- 
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plished by mo-vving or pasturing, or by the use of a herbicide, such as oil spray. 
Mowing and pasturing are considered impractical in a citrus orchard. The 
use of oil as a spray is still in the experimental stage ; it seems to have some 
promise at present, however, as a substitute for very shallow hoeing to eradi- 
cate small weeds long before they become competitive with the trees. (See 
“The ‘Plineklej' System’ of Noncultivation,” p. 318, below.) 

Preparation of soil for water. — In districts where citrus trees are irrigated, 
the distribution of water is usually controlled by furrows, dikes, basins, or 
contour checks. Since the construction of these works requires loose soil, a 
soil-stirring operation becomes necessary to facilitate control of water appli- 
cation. This applies to orchards cultivated periodically as a matter of routine 
procedure, but not to orchards managed according to the so-called “Hinckley 
system” of noncultivation (see p. 318) , or to the relatively few citrus, orchards 
that are in permanent sod. The same furrows, dikes, and so on, may be used 
for more than one irrigation, hut they wiU have to be renewed from time to 
time, and cultivation will be necessary. If removal of excess surface water is 
also considered a factor in proper distribution, such means as contour furrows 
and terraces maj’- also be required for removal of excess water during the 
rainy season. 

With respect to water penetration, fi*om either irrigation or rain, a tillage 
operation may or may not be useful, its value depending on the natural char- 
acter of the soil and the condition of the surface soil. Salter (1940), in his 
excellent r6sumd, mentions the detrimental effect of puddling or compaction 
that takes place under some conditions and reduces the pore space in the soil. 
Occasionall.y, this puddling and the reduction of pore space in a thin layer at 
the surface will have a detrimental effect on moisture penetration or on the 
aeration of the entire profile. The immediate effect of proper tillage operations 
on some soil types is increased moisture penetration. The tilth of the surface 
layer is usually of less importance with a permanent crop, however, such as 
citrus trees, than in a seedbed prepared for an annual crop. The long-time 
effect of tillage in orchards, if carried to excess, is often the formation of a 
compacted layer that interferes with the maintenance of satisfactory condi- 
tions in the root zone. This subject is more fully discussed later in this chapter. 

Incorporation of fertilizers. — ^Manures and other bulky organic fertilizers 
are most effective if mixed with a relatively thin layer of surface soil. If ap- 
plied as mulches, they are subject to losses of nutrient material and interfere 
with the usual orchard operations. In orchards of the semiarid regions, 
mulches are also a fire hazard. Bulky organic fertilizers are therefore usually 
incorporated into the soil by some soil-stirring operation such as plowing or 
disking. Under most conditions it is good practice to mix cover crops, as well 
as bulky fertilizers such as manure, with the surface soil to promote decom- 
position. If any of these materials are worked too deeply into the soil, how- 
ever, tree roots are likely to be cut, with detrimental effects offsetting, to some 
degree, the beneficial effect of the fertilizer. 

Applications of manure in trenches 12 inches deep proved less effective, 
over a period of years (Parker and Batchelor, 1942) , than applications broad- 
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cast and disked into the soil to a depth of approximately 5 inches. Much of the 
ineffectiveness of the trench method of application was apparently' due to 
the repeated annual cutting of the roots of the orange trees. 

Soluble fertilizers, particularly nitrogenous compounds, are usually applied 
on the surface of the soil, to be carried in by rain or irrigation water. With 
these fertilizers, cultivation is unnecessary. 

Preparation of soil for cover crops. — ^For the purposes of this discussion, 
cover crops may be divided into two classes : those with small seeds that are 
sown directly on the surface of the soil, and those with large seeds that should 
be covered when planted. With the small-seeded cover crops, such as the 
several species of mustard and the various species of clover, which are to be 
planted on the surface of the soil, it will be necessary to disk or harrow the 
soil to a depth of only 2 or 3 inches before furrowing or otherwise preparing 
the land for irrigation. The seed is then sown, after the furrows are made and 
immediately before irrigating. (See “Cover Crops,” chap, viii.) With cover 
crops having larger seeds, such as bread beans (Vicia Faha), it is desir- 
able to cover the seed by disking or by cultivation, after which the land 
may be furrowed and irrigated. All cover crops will germinate and grow best 
if planted in a soil of reasonably good tilth. Preparation of the seedbed and 
subsequent covering of the seed, provided this is done, I'cquire tillage opera- 
tions that cannot be omitted. 

Incorporation of cover crops. — ^When first turning cover crops under, it is 
not necessary to break up the material completely in order to incorporate 
it in the soil. Figure 114 shows satisfactory initial disposal of a cover crop by 
going over the land once with a cover-crop disk. It will be necessary to go over 
the land again before furrows or basins can be made for distribution of water, 
but leaving the ehopped-up crop on the surface of the soil, or only partly 
covered, as suggested above, results in a better soil condition and a better rate 
of water infiltration than more thorough incorporation. This procedure also 
lessens the possibility of the soil’s becoming intddled by tbe dasliing rains that 
are likely to follow the disking. 

The beneficial effects of the cover crop on soil structure should not be offset 
by the use of improper tillage operations in turning it under. The orchardist 
confronted (1) with the necessity of destroying the cover crop so that it will 
no longer compete with the trees for soil moisture, and (2) with the necessity 
of incorporating it into the soil so iliat it will decay and leave the surface soil 
in such condition that following rains will infiltrate rapidly, and so that the 
land may subsequently be prepared for irrigation, seldom completely incor- 
porates the cover crop into the soil during the initial disking. 

Promotion of aeration. — ^Under some conditions, aeration of the soil may be 
retarded by a thin crust and may be improved by a crust-breaking operation. 
Such conditions seem rare in California citims orchards, however. The net 
effect of a large number of tillage opei-ations, over a period of years, is usually 
interference with aeration in the root zone through the gradual development 
of compacted layers just below the cultivated zone. (See “Harmful Effect of 
Cultivation,” p. 308.) 
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Cultivation and other orchard operations . — Certain useful purposes accom- 
plished by cultivation really have little if anything to do with the soil manage- 
ment. For example, if an orchard is irrigated in basins, or by furrows made 
diagonally across the tree rows, traffic lanes will have to be cultivated and 
leveled to permit hauling of fruit and passage of spray rigs. Where fumiga- 
tion is used as the means of scale control, it is necessary to have an even soil 
surface for the operation of tent-pulling machines and as a means of securing 



Fig. 114. Satisfactory initial ctisposal of a cover crop by going over the land 
once with a cover-crop disk. 


proper contact between the ground and the fumigation tents to prevent the 
loss of poisonous gases. It is therefore necessary to smooth over the furrows or 
basins by proper cultivation. 

Where permanent cover crops are used for erosion control, and competition 
is reduced by mowing, thick mulches develop and become a fire hazard. The 
best way to overcome this hazard periodically is to mix part of the material 
with the soil by disking. Other useful functions of cultivation will occur to 
orchard operators as they study particular problems. 

HARMFUL EFFECTS OF CULTIVATION AND TRAFFIC ON 
SOIL STRUCTURE 

Harmful effect of cultivation . — The effect that cultivation has on the physi- 
cal condition of the soil depends on several factors, especially the original 
phj^sical character of the soil, its chemical nature, and the relative amount of 
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moisture present in the soil when it is eultivated. It can pi’ohably he accepted 
as a general rule, however, that almost all soils are of a better structure for 
plant growth and are more porous and more easily tilled when they are first 
cleared from the virgin state than after they have been cultivated for a few 
years. The preservation of a favorable soil structure comparable to that of the 
virgin soil should, so far as practicable, be the objective of all orchardists. 

The effect of cultivation on the soil has been reviewed by Eussell (1938, 
p. 20), who comments, in part, as follows : 

The effect of cultivation implements on the soil can he considered from two aspects, 
namely, their effect on the distribution of aggregates and on the distribution of pores. 
Further, the effect of the implement on the soil structure is very dependent on the moisture 
content of the soil at the time it is worked. The correct basis for the interpretation of this 
dependence has only recently been found, although it is a problem of fundamental im- 
portance to all practical cultivators 

Each type of implement has its orm individual action on the soil structure, and this action 
is dependent on the soil moisture content. If the soil is worked at a moisture content not 
very much drier than that for optimum structure formation, ploughs, cultivators and rotary 
cultivators all have much the same effect on the soil aggregates : they may either break an 
aggregate into a few smaller ones or make a few aggregates form a single one, but in general 
only very few aggregates smaller than % mm. are produced. But if the soil is drier than this 
the distinction between crumbling an aggregate into several finer ones along lines of weak- 
ness in the original aggregates and shattering the aggregate becomes important, for the 
latter procedure typically results in the production of fine dust, i.e. particles or aggregates 
passing a %-mm. or finer sieve. Under these conditions the difference between the mould- 
board plough and the cultivator or rotary cultivator becomes marked. . . . 

In conclusion, cultivation operations can undoubtedly increase the amount and the sta- 
bility of the aggregates present in a soil provided a suitable implement is used when the 
moisture content falls rvithin a certain fairly narrow limit. If the soil is eultivated when 
much drier the general effect of cultivation is to reduce the amount of aggregation. This 
seems to explain why the main characteristic of cultivated soils in the arid and semi-arid 
regions is their poorer and weaker aggregation as compared with the virgin soils. 

The fact that excessive cultivation with any sort of tool can liave a particu- 
larly harmful packing effect on soil structure should be more generally appre- 
ciated. It would be a good axiom never to stir the soil unless there is certain 
to be a useful effect that more than offsets the possible accompanying damage 
to soil structure. The possible hai’mful effect of too much cultivation was rec- 
ognized early in the development of horticulture in California. Investigators 
of soil problems associated the aeration of soils by cultivation with certain 
persistent changes in soil structui’e which were taking place in the State. This 
was deplored by liilgard (1906, p. 131), who wrote : “That excessive aeration 
results in serious losses of humus as well as of nitrogen, is very obvious in the 
arid region, where it is the habit to maintain on the surface of orchards and 
vineyards during the dry, hot summers, a thick mulch of well-tilled soil, -thus 
preventing loss of water by evaporation. In the course of years this surface 
soil becomes so badlj’’ depleted of humus that good tilth becomes impossible, 
the soil becoming light-colored and compacted; while the loss of nitrogen is 
indicated by the small size of the orchard fruits.” 
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Baver (1940, p. 292) says : “Tilth is a dynamic, not a static soil condition. 
The tilth of a g:iven soil tends to deteriorate under the usual cropping and 
tillage operations. Good tilth may be renewed through the u.se of sod crops 
in the rotation and suitable tillage methods.” The use of cover crops and 
bulky organic fertilizers is usually the most practical way to renew good tilth 
in citrus orchards. (See “Cover Crops,” chap, viii.) 

The most common type of impairment of soil structure occurring in citrus 
orchards is the development of a compacted layer, called the plow sole, just 

TABLE 24 

Son. Compaction (Plow Sole) at Various Depths in Cultivated and Uncultivated 
Areas op a Number op Southern California Citrus Orchards* 
(TTn-cultivated areas are of soil beneath branches of trees) 


Location of 
sample 

Volume 

w'eight 

Weight in pounds 
per cubic foot 

Percentage of 
pore space 

Cultivated 

soil 

Unculti- 
vated soil 

Cultivated 

soil 

Unculti- 
vated soil 

Cultivated 

soil 

Unculti- 
vated soil 


Ramona soils (average) 

Surface soil 

1.57 

1.41 

08 

89 

41 

47 

Upper sole 

1.80 

1.52 

112 

95 

32 

43 

Lower sole 

l.Ol 

1 46 

100 

92 

39 

45 

Subsoil 

1.67 

1.37 

93 

85 

41 

48 


Hanford soils (average) 

Surface soil 

1.40 

1 27 

88 

79 

47 

52 

Upper sole 

1.05 

1.50 

103 

93 

38 

43 

J^ou'er sole 

l.SG 

1.43 

97 

89 

41 

46 

Subsoil 

1.30 



1.34 

85 

84 

49 

49 


* Data supplied by Charles F. Shaw and G. B. Bodman, Division of Soils, University of California, Berkeley. 


below the cultivated zone. In a study of plow sole in a number of southern 
California citrus orchards, Shaw and Bodman' compared the condition of the 
cultivated soil with that of the uncultivated soil beneath the trees. Eesults 
are summarized in table 24. These data clearly indicate the degree of soil 
compaction at four different depths, as measured by increased volume weight, 
weight per cubic foot of soil, and percentage of pore space. It is apparent 
that cultivation and traffic have had a decidedly injurious effect on the struc- ' 
tui’e of these soils. The loose mulch in the cultivated areas was about 6 inches 
deep. A earefid examination of the colloid content showed no evidence of an 
accumulation of fine particles in that part of the profile which was directly 
below the cultivated zone. It w'as concluded that the plow sole wms due to 
compaction probably caused by the combined effect of cultivation and traffic 
in the orchard, especially that which took place while the layer was still wet 
enough to be plastic. 


' Charles F. Shaw and G. B. Bodman, Division of Soils, University of California, Berkeley. 
Unpublished data. 
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A similar condition was found' in another citrus orchard, also on Hanford 
gravelly sandy loam, at Claremont, California, where the average weight per 
cubic foot of the soil beneath the mulch in an area subject to traffic and culti- 
vation, between trees, was 125 pounds ; and of the soil of the same horizon in an 
area not snbject to cultivation, for many years, under the tree branches, was 
91 ponnds. Figure 115, A, shows the compacted soil from the cultivated area 
of this orchard ; B, soil from the same horizon of the uncultivated area. 

Parker and Jenny (1945) studied the effect of traffic and of disking on the 
rate of water infiltration and the soil structure in both wet soils and dry soils. 
The rate of water infiltration hi these soils was greatly reduced by both opera- 
tions, as compared with that in undisturbed soil. The damage to soil structure 
was greater with wet soil than with dry soil, however, and the increase in 
volume weight extended more deeply into the soils worked over when wet than 
into those worked over when drJ^ These investigators thus showed that tfllage 
and traffic greatly increased the volume weight and impaired the permeability 
of the soil. They also showed that Avater penetration subsequent to these harm- 
ful operations was improved materially by letting the soil go through a period 
of several years without any tillage. 

Striking effects have been observed in southern California citrus orchards 
as a result of reducing tillage operations to a minimum. In one Orange County 
orchard on Yolo loam, the rate of Avater infiltration increased tAvelvefold 
as a result of reducing tillage operations from an average of twelve to fifteen 
diskings a year to only two diskings annually. Similar, less striking results 
occurred in an orchard on Hanford graA’elly sandy loam, near Pomona, Cali- 
fornia, where the rate of water infiltration Avas increased fourfold by greatly 
reducing cultivation. The ameliorating effect of reduced cultivation is not fully 
understood, because it may occur with or without the groAA’th of weeds or 
cover crop. 

The destructive effects of tillage on soil structure are not limited to the soils 
of the irrigated regions of the Pacific South w^est that are Ioav in organic matter. 
Soils relatively high in organic-matter content, such as Porterville adobe, are 
also affected. A similar relation between tillage and soil structure has been 
reported in Oregon orchards (Stephenson and Schuster, 1942). In West 
Virginia, an experiment by Sudds and Browning (1941) indicated that culti- 
vation reduced the organic-matter content, the percentage of the larger-sized 
soil aggregates, the noncapillary poz-osity, and the infiltration rate, but in- 
creased the volume weight and the dispersion ratio. A more general under- 
standing of the detrimental effects of tillage will lead to a more reasonable 
program in most orchards. 

A few fallacious beliefs, as in the A-alue of a dust mulch or the hannful effect 
of a fev" weeds, have encouraged exces.sive tillage, which in past years has 
been detrimental to the soil structure in many orchards. Tillage does not con- 
serve moisture in an amount of any consequence in a relath’^ely weed-free soil 
(see “Control of Weed Competition,” p. 303, aboA'e). 

’ Unpublished data supplied by Dr. Esther P. Perry, Division of Soils, University of Cali- 
fornia, Berkeley, 1941. 
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Pig. 115. The effect of traffic on the composition of the soil in a Cali- 
fornia citrus orchard: A, eouipaetcd soil from an area subject to traffic 
and cultivation, between trees ; B, soil from tiio same horizon of an area 
protected from cultivation, beneath the tree branches. 


A dust mulch is not advantageous to soil structure. Some citrus growers 
have been misled by noting that deeply cultivated areas in an orchard will 
remain moist longer than those not cultivated, even though there are no weeds 
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and moisture is being extracted only by the roots of the trees. The condition 
noted results from the fact that deep cultivation cuts the tree roots which 
would utilize the moisture. That kind of tillage does conserve moisture, but 
not for beneficial use. In a nonirrigated almond orchard cultivated to a depth 
of 14 inches, it has been observed that the layer from the 4th to the 14th inch 
remained moist all season because the tree roots were for the most part cut 
back. The trees were severely damaged bj' the deep cultivation, and the mois- 
ture conserved was of no use because the trees could not get it. 

The effects of tillage on aeration of orchard soils have also been misunder- 
stood. Aeration, as well as water penetration or permeability of a soil, depends 
upon the large pores, or the so-called noneapillary pore space. One of the main 
effects of tillage on the zone just below the loose mulch is a reduction in the 
noneapillary pore space. This is especially hastened if the soil is worked Avhen 
it is too wet. Compaction of the soil in the zone below the cultivated area is 
also increased by the passage of wagons, tmeks, and heavy tools when the 
soil is wet, and to a less degree when dry. Some of this traffic may be unavoid- 
able, but every effort should be made to reduce it as far as is practicable. 

A comparable effect occurs in the cultivated mulch itself, if the soil is 
broken down to a dust. The tillage practice of creating a dust mulch has prob- 
ably made a notable modification in the soil structure in many orchards ; it 
has reduced the noncapillary pore space and the rate of water infiltration in 
the respective orchard soils, in comparison with the original conditions of these 
soils. Some intermediate practice can usually be followed, between that of 
allowing the weeds to grow freely over prolonged periods and that of culti- 
vating so excessively that a fine dust mulch is maintained. 

Harmful effect of traffic . — Traffic over the soil in citrus orchards is detri- 
mental to good soil structure. Some traffic is essential to carry on the tillage, 
however, and some is necessary for other operations such as hauling fruit, 
distributing orchard heaters, hauling fuel for heaters, disposing of brush, 
and moving spray rigs, dusting equipment, and fumigation tent-puUing de- 
vices through the orchards. Orchard heating and spraying are emergency 
operations and often cannot be avoided even though the soil is very wet and 
obviously will be badly puddled by the traffic, the principal effect of which 
is to pack the soil to a dense consistency and in large measure to destroy the 
original structure. 

The deleterious effects of traffic can be overcome only partially by any sort 
of tillage operation. Subsoiling and chiseling, which are practices commonly 
used for this purpose where annual crops are grown, are not very effective, 
and the harmful effect of cutting tree roots precludes the practicability of 
using such methods with orchard crops. Moreover, the operations of subsoiling 
and chiseling merely break the soil into blocks without increasing the pore 
space, and afford only temporary relief by permitting greater water pene- 
tration in the cracks between the blocks, which soon consolidate. Taylor (1934) 
has proposed a special system of tillage and irrigation that would confine the 
traffic of trucks and tractors to the same locations in certain interspaces. The 
suggestion is made that the soil in such traffic lanes be left undisturbed and 
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that what might he called normal cultivation operations be confined to the 
rest of the orchard. 

Orchards on heavy soils present a serious problem in the hauling of heating 
oil for refueling. In California the occasional cold nights necessitating orchard 
heating occur in winter, when rains are periodic and the soil may be so muddy 
and soft that oil -tank wagons and trucks have difficulty in carrying out the 
emergency task of refilling. This situation has been met in one large lemon 
orchard by making a road of coarse gravel (fig. 116) in every fourth inter- 
space throughout the orchard. Such roads serve not only for hauling fuel, 
but also for hauling out fruit. Inasmuch as lemons are picked eight to ten 
times each year, the use of these roadways avoids a great deal of soil packing 
in the rest of the orchard. The favorable moisture distribution beneath the 
gravel road is shown in figure 117. 

COMMON TILLAGE PRACTICE IN CALIFORNIA AND ARIZONA 

The majority of citrus orchards in California are disked at least once a year, 
usually in the early spring, at the end of the rainy season, for the purpose of 
incorporating a cover crop or volunteer weed crop into the soil. Where cover 
crops are not grown and organic matter is added to the soil by the use of 
manure, bean straw, or other bulky materials, the usual procedure is to disk 
after these fertilizers have been applied. Pew orchards are cultivated to 
smooth over the surface soil after the spring disking. At the beginning of the 
irrigation season, however, it is sometimes necessary to disk again at a shallow 
depth to cut up the organic trash in the surface soil before making the furrows, 
basins, or dikes for irrigation. 

During the first two decades of the present centurj’^ the general rule was to 
cultivate once, twice, or even three times after each irrigation, as soon as the soil 
was dry enough to work without puddling it. Much of this useless and in 
fact harmful cultivation has long since ceased, and most orchards are now 
cultivated only once after an irrigation, or once after every other irrigation. 
The common practice is to reduce these operations to the barest necessity, to 
prevent excessive weed growth during the irrigation season. The actual number 
of cultivations per year will vary considerably and will depend on the time 
intervals between irrigations, the character and fertility of the soil, the amount 
of shade, and thus the amount of weed growth in the orchard, as well as on 
other local considerations. 

Summer cultivations are usually done with a spring-tooth harrow, or with 
a light-weight disk harrow. If the disk harrow is used, measures to prevent 
too deep cultivation are advisable. The common means of preventing this 
harrow from cutting too deep is to equip it with rollers between the disk 
blades, as illustrated in figure 118. The rollers can be designed in sizes to let 
the disk into the soil at any desired depth. In some extremely gravelly sandy- 
Ibam orchard soils, cultivations have been reduced to two or three per year. 
The average number of cultivations will be more nearly five or six per year, 
including the disking to incorporate organic matter into the soil and the 
preparation of the seedbed before sowing the cover crop in the fall. 
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The usual tillage procediire in the desert citrus areas of California and in 
orchards in Arizona differs, in seasonal operations, from that in the coastal 
districts of California. In the first-named districts, an abundance of irrigation 
water makes it practical to grow summer cover crops. Since the winters are 
nearly rainless and some winter irrigation is necessary, some orchards pro- 
duce a winter cover crop in addition to the summer crop. The tillage in these 
areas is therefore largely determined by the culture of the cover crops and 
their incoi’poration into the soil. The disk is the principal implement used in 
such orchards, aside from the various tools used to prepare the land for 
irrigation. 


COMMON TILLAGE PRACTICE IN FLORIDA 

Orchard tillage in Florida has passed through much the same evolution as 
has occurred elsewhere. During the fii-st two decades of the century, emphasis 
was placed on maintaining a weed-free orchard whenever no cover crop was 
gi'owing. This required a great deal of cultivation, and the dust mulch was 
considered a prerequisite to good culture. As experience broadened under 
various conditions in the state, the justification of so much expense for culti- 
vation was more and more brought into question, especially as it became 
known that various orchards which were being cultivated less than noz’mally 
for the respective districts and for the decades mentioned were satisfactoiy 
producers of high-class fruit. 

One of the first references to the extreme practice of noneultivation in this 
country was that made in a paper read before the Florida State Horticultural 
Society by the owner of a successful ten-year-old orchard who had planted 
it without even first clearing the pine trees from the land (Stevens, 1921, 
p. 122) : “This first grove having done so well, we set other groves among the 
pines, in every case thinning out the pines to some extent because we thought 
the first grove had too many in it. In none of these groves have we done any 
plowing, or harrowing, either before or after we planted the trees. 

“In our older groves that have been plow'ed for years, we have adopted the 
same practice of noncultivation. We now fertilize and do nothing more. We 
mow as often as it is necessaiw to keep the grass and weeds from making seed.” 

Subsequent to the experience reported above, emphasis was placed on culti- 
vating to only a shallow depth, and the desirability of using “spools” on disk 
harrows to prevent deep cultivation was indicated (Leonard, 1922). Sound 
advice was given by Lenfest (1924, p. 69) : “Cultivation should never be 
done just to keep someone busy. There should always be some definite reason 
for working a grove and whenever possible the cultivation should accomplish 
more than one thing.” This writer also directed attention to the impairment 
of fruit quality by excessive cultivation late in the growing season and 
strongly advocated a reduction in cultivation a.s the fruit ap|p roaches maturity. 

It has been pointed out by Grossenbacher (1924) that, in Florida, the prac- 
tice of noncultivation is best adapted tu the richer soils associated with the 
low, damp orchard sites; it is not well adapted to the “high pine land” that 
is poor and perhaps short of moisture through part of the year. For the jzoorer 
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soils lie recommends a limited cultivation system to avoid excessive weed com- 
petition and expresses the opinion that old bearing groves on high pine lands 
could profitably install irrigation systems to supply water during the dry 
periods. He also points out the association of excessive cultivation with, stimu- 
lated fruit growth and poor fruit quality and the association of limited culti- 
vation with improved fruit quality. 

The reduction in cultivation gradually brought about in Florida, together 
with the use of summer cover crops, has apparently resrdted in savings in 
operation costs and improvement in fruit texture, and has maintained the 
trees in good condition. (The pertinent factor of proper fertilization, which 
has been operative concurrently and has had an effect on fruit quality, is 
treated in chap, vii, this volume.) 

THE “HINCKLEY SYSTEM” OP NONCULTIVATION 

Tillage of orchards in California has been reduced to a minimum where the 
“Hinckley system” of noneultivation (Hinckley, 1939) has been adopted. 
This system makes use of the same irrigation furrows year after year, and all 
weed control is accomplished by lightly hoeing or scraping the surface soil 
when small weeds start to grow. Otherwise, the soil remains undisturbed. The 
occurrence of weed seeds in the orchard is also reduced by using only concen- 
trated inorganic fertilizers. The citrus leaves partly fill in the wide, shallow 
furrows, and accumulate under the trees ; except for this, the land is bare the 
year round. An orchard in excellent condition, in which the Hihckley system is 
in use, is shown in figure 119. The shallow furrows shown in the foreground 
were made approximately eight years before the picture was taken. A modi- 
fication of this system is in use in a few orchards where the practice of spraying 
the weeds with a light oil (Pacific specification 200, or Domestic fuel No. 3) 
is a substitute for hoeing. This modification is still in the experimental stage. 

In orchards that have been fertilized with manure, and that have soil heavily 
infested with weed seeds, the instituting of the Hinckley system wiU be very 
laborious. This is especially true for young orchards that do not provide shade 
enough to suppress weed gi-owth ; in them, it may be necessary to hoe at two- 
week intervals, or to supplement the hoeing with oil spraying for a short while 
after adopting this system of noncultivation. With the passage of time the 
labor involved in the control of weeds in this system becomes gradually less. 
Pew weed seeds are introduced into the orchards, and the bare ground is not 
a favorable seedbed for their growth. Chemical control of noxious perennial 
weeds with material other than spray oil is not entirely satisfactory in most 
orchards, because of the danger of damage to the trees. 

POWEE POE TILLAGE OPEEATIONS 

Power for tillage may be supplied by horses, mules, or tractors. All such 
necessaiy orchard operations can, however, be accomplished by the use of 
light tools that can be pulled by a team of horses. The work cannot, of course, 
be done so quickly as with a tractor; but in a small orchard horses or mules 
sometimes supply the cheapest power, particularly where the orchardist has 
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uses for the work animals aside from their use in tillage, as in the hauling of 
oil, bulky fertilizers, and fruit, and in other farm operations. The size of the 
enterprise, and liuiiling eoiiditions sneh as the soil tj'pe on which the orchard 
is planted, should be carefully considered by the grower in choosing his 
source of power. The use of teams will probably be more practical on sandy 
friable soils than on heavy soils. In the smaller citrus orchards in some dis- 



rig. 119. Orchard Tnaintaiiied hv the “Hincklev sysstem” of iioncultivation. 
The sliallfuv furrows partly filled with leaves were made appro.viinalely eight 
years before the picture was taken. 


tricts, a rather large amount of the tillage is performed by contrabtors using 
motor-driven tractors as a source of power, but some contract work is still 
done with teams. 

CULTIVATION COSTS 

In the years when excessive cultivation was the rule in most citrns orchards, 
annual co.sts of tillage often ran as high as $50 per acre. In 1926, about three 
years after the beginning of educational efforts in California to make clear 
the advantage of reducing tillage operations, average annual cost of these 
operations in Orange County orchards (Wahlberg, 1935o) was about $22 
per acre. There was a gradual reduction in costs in the same area to a minimum 
of a little over $10 in 1934, with some of the more profitable Valencia, orchards 
showing lower cultivation and furrowing costs than the average of the group 
a.s a whole. In an analysis of the production costs for Valencia oranges in 
Orange County (Wahlberg, 1935b), the ten most profitable orchards showed 
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cultivation costs of $8.13 per acre; the average of all orchards was $10.93 per 
acre, and the range for this charge was from $4.09 to $44.24 per acre. Since 
1934, costs have been rising a little, owing to increased rates of pay for labor 
and materials. In some California orchards, however, where the regular 
Hinckley system is used, cultivation costs have been as low as $6 to $8 per acre. 

The cost of weed control by oil sprasdng varies widely, the cost depending 
on such factors as the initial infestation of noxious weeds at the time this 
system of culture is started and the amount of shade in the orchard that tends 
to suppress weed growth. Weed control by either hoeing or spraying, in any 
noncultivation practice, is much more expensive the first few years than after 
the practice becomes well established, partly because, when cultivation ceases, 
the seedbed for weed seeds becomes progressively less favorable. When all 
factors are considered, it is readily understood how the cost per acre for weed 
control by spraying can vary from approximately $8 to nearly $60 per acre, 
depending on the circumstances (Sullivan, Moore, Johnston, and Wahlberg, 
1944). 

If the citrus grower will keep in mind the limited number of useful things 
that can be accomplished by tillage, and the fact that such operations not 
only increase production costs but almost invariably have some harmful effect 
on soil structure, he can no doubt develop an effective and economical program 
for his orchard. In most orchards the purpose of tillage is primarily weed 
control and the disposal of cover crops and secondarily the preparation of the 
soil for irrigation. These objects will determine the amount of work to be done, 
the season in which it is to be done, the tools to be used, the depth of cultivation, 
and other practical considerations. The amount of work required in different 
orchards will vary with natural conditions, the age of the orchard, fertilizer 
practice, and other factors infiuencing the growth of weeds and the tilth of 
the soil. 
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Chapter VII 


PEINCIPLBS AND METHODS OP FERTILIZATION 

BY 

LEON D. BATCHELOR 

T he GENERAii SUBJECT of Orchard fertilization has many ramifications 
with respect to materials to use, methods of application, season of appli- 
cation, most economical sources, and most economical amounts to use. 
Fertilizing a citrus grove is an investment. It has not been reduced to an exact 
science. When a farmer fertilizes a grove, he is acting upon a probability ; 
he spends money for fertilizer materials on the probabilits’’ that the resulting 
increased crop yield will repay the expended money and show an additional 
return. The materials purchased should be those which experience has shown 
are lik^iest to return the greatest profit per dollar expended. The largest 
gross returns per acre, however, may not mean the greatest profit per acre, m 
proportion to money spent for fertilization, as the relative profitableness may 
follow the “law of diminishing returns.” 

The chemical elements essential for plant growth number at least fifteen, 
and probably more. Their origin under natural conditions is as follows : 

a) From the solid portions of soil come calcium, magnesium, potassium, 
phosphorus, iron, sulfur, manganese, and traces of others, such as boron, 
copper, molybdenum, and zinc. 

b) Directly or indirectly from air come carbon, hydrogen, oxygen, and 
nitrogen.’ 

The first group of elements listed are among those which form a high propor- 
tion of the earth’s crust. 

The main purpose of this chapter is to discuss the principles that determine 
the proper fertilization of a citrus orchard. It is not practical for a general 
treatise on the subject of fertilizers to give specific j-ecominendations, since 
these will greatly depend upon such factors as the soils, the age of trees, past 
practices, local experiences, such climatic factors as rainfall, and many other 
considerations which will influence the actioii taken in a particular orchard. 

SUPPLEMENTING THE FERTILITY OP THE SOIL 
Fertilizer is used merely to supplement the fertility of the soil. The chemical 
elements which in certain soils are in some measure deficient for the optimum 
growth and yield ef the trees may be supplied by additions of materials con- 
taining the elements needed, or by spraying on the plants suitable compounds 
of the elements, as, for example, of copper, zinc, and manganese. It must be 
obvious that fertilizing soils to supplement deficiencies of elements is not 
comparable to feeding a balanced ration to livestock. It is impossible by the 
application of fertilizers to establish I’igidly or to maintain any preconceived 

' The nitrogen supply in the soil, except for the usually small amount in the nitrate form, 
is stored in the organic fraction of the soil. 
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notion of a balanced plant-nutritional condition. The reaction of the com- 
ponents of fertilizers with soils will vary greatly with the soU types and prior 
fertilizer treatments. Furthermore, if it were possible to maintain a definite 
balanced nutrient solution in the soil, provided one could be safely prescribed, 
there is no evidence to show that the condition of balance is essential. From 
a consideration of experiments on this subject it was concluded (Hoagland, 
1919) that there is insufficient evidence to prove that a plant requires, for 
optimum yield, any very specific ratio of ions or elements within wide limits, 
provided the total supply and concentration of essential elements are adequate. 

It is fortunate indeed for the farmer that fertilization does not mean the 
necessity of adding to the soil all the elements needed by the plant. The 
majority of them occur in adequate amounts in most of the agricultural soils. 
Fertilizers, in general, are essential merely to supplement supplies already 
present, so that crops may be grown profitably 
As a general rule, in supplementing soil deficiencies, one should purchase 
the fertilizer materials that contain the most of the desired fertilizer elements 
for the money expended. This cannot always be done, however, and there is no 
uniform fertilizer treatment that can be prescribed for all citrus-growing 
areas. Differences in soil conditions, previous treatment of the orchards, 
impurities in the irrigation water, climatic conditions such as rainfall, and 
the economies of each situation must all be considered. 

SOILS OF HUMID AND ARID REGIONS 
Before proceeding to more specific problems in the use of fertilizers, we 
may properly consider the general differences between soils of the humid 
regions as compared with those of the arid regions. 

Soils of the arid regions are in general consistently higher in lime, mag- 
nesium, sodium, phosphate, and potash. Soils of the humid regions have been 
leached for countless ages by heavy rainfall, while the rainfall of the semiarid 
sections penetrates, on the average, only to shallow depths in the soil. 

Formerly, it was thought that the plant foods most commonly lacking in 
soils were nitrogen, phosphorus, and potassium. Infertile soils, deficient in all 
three of these elements, are rather commonly found in the humid regions ; 
hence they are the elements usually applied in commercial fertilizers. Fer- 
tilizers that contain all three of them have erroneously been considered as 
completelj’’ supplying the lack, and are spoken of in the fertilizer trade as 
“complete” fertilizers. Actually, of course, they are far from being so nearly 
complete as to supply all the essential elements for plant growth. 

“Complete” fertilizers may merely “complete” the list of needed elements 
in an infertile soil deficient only in the elements they supply. Nitrogen alone, 
or phosphate alone, may “complete” the fertility of other soils so that profit- 
able crops may be grown. On the other hand, there are large areas where it is 
becoming a common practice to apply nitrogen, phosphate, potash, magnesium, 
manganese, and copper to complete the fertility of the soil for citrus trees. 
Since there are large soil areas that are deficient in boron, and others deficient 
in sulfur, for general farm crops, there is a question whether nitrogen, phos- 



Fertilization : Principles and Methods 325 

phorus, and potassium are really the elements most commonly deficient. Defi- 
ciency does not always imply a low total supply in the soil, but may mean that 
certain plants growing thereon are unable to obtain enough of one or more of 
the particular elements to meet their gi-owth requirements. Hence, applica- 
tions of such materials in forms that are available for plant growth will result 
in increased crop production. 

Deficiencies in tliree to six of tlie elements mentioned above are frequently 
noted in humid regions. In the arid regions of the southwestern part of the 
Ibiited States, soils are rarelj^ found that are considered to be deficient in 
more than three of them. Some of the soils of the humid sections not only lack 
nitrogen, phosphorus, and potassium, but are also deficient in available cal- 
cium, magnesium, boron, copper, zine, and manganese. Nearly all soils of the 
arid southwestern United States contain abundant supplies of available cal- 
cium and magnesium. The irrigation waters of the arid areas also contain 
important amounts of magnesium as well as calcium. 

This brief discussion of soils of arid and humid regions should suffice to 
indicate that experience in fertilization gained in the humid sections may not 
be directly applicable to soils in arid sections; and the converse is also true. 

THE need op fertilization 

No definite age can be set at which a j’-oung orchard will need to be feidilized. 
EventuaUj', however, citrus groves on almost all soil types must be fertilized 
if they are to produce profitable yields consistently. Citrus trees growing on 
most soil types will reach a decadent condition if they are not fertilized, and 
the fruit production will become nil. A decadent orange tree is shown in 
figure 120. In contrast, the tree showir in figure 121 is healthy and produces 
from 300 to 400 pounds of oranges euch year. 

Some soils are naturally more fertile than others, but it seems to be only a 
question of time before unfertilized orchards — ^\vith very few exceptions — 
become unprofitable. Perhaps the two most important factors in citnis fertili- 
zation are the original differences in soils and the prior fertilizer treatment of 
the land. In some orchards it has been desirable to fertilize the soil when the 
trees were set out ; in others the yields have been satisfactory' without applying 
fertilizer for as long as ten years or more after planting. Fertilizers are now 
used in citrus districts throughout the world and, in general, the fertilizer 
biU is the largest single item of expense making up the total annual cultural 
cost of production. 

Obviously, exactly the same fertilizer program is not equally desirable or 
profitable on all soils. In humid regions the rains may carry the readily soluble 
fertilizing materials below the root zone, and much of the fertilizer residues 
may then be removed in the drainage waters. In arid or semiarid regions, on 
the other hand, soluble substances may accumulate in the surface soils. In 
many orchards in the arid regions there are surface accumulations of nitrates 
and of other salts during the dr.y season. In short, both climate and soil have 
a bearing upon the proper methods of application, the efficiency, and the dura- 
tion of the effects of fertilizers. 
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GROWTH OF COVER CROPS AS AN INDEX OF FERTILITY 

Somethiiig about fertilizer requirements of citrus trees may be learned from 
the growth of cover crops in orchards. Many annual crops, for example, are 



Fig. 120. Tventy-fivc-year-old orange tree tliat has never been fertilized. Com- 
pare with figure 121. 


relatively heavy feeders upon potassium, calcium, and phosphorus compounds. 
In general, where leguminous crops thrive, the indications are that the soil 
is well supplied with these elements in available forms. In some humid regions, 
where calcium compounds have been leached from the soil, good crops of 
legumes cannot be grown until lime has been applied ; this condition does not 
generally prevail, however, in citrus groves, and often legumes will not thrive 
as cover crops in citrus orchards, regardless of soil conditions, on account of 
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shade cast by large trees and competition from weeds in a well-fertilized soil. 
It should be borne in mind also that different crops on the same or similar 
soils may vary widely in their mitritional requirements. For example, fer- 
tilizer experiments with annual crops cannot always be taken as a safe guide 



Fig. 121. Twenty-five-year-old orange tree that has been well fertilized during 
the past thirteen years. Compare with figure 120. 


for the requirements of tree crops grown on the same .soil. Again, cover crops 
growing on soils low in available phosphate are likely to .show a striking 
response to phosiihate fertilizera, yet it is improbable from past observations 
that tree crops in the same soil would show a response to phosphate even when 
applied in large amounts. 

This principle has been illustrated (Chapman, 1934) in pot cultures on the 
comparative responses of alfalfa and young citrus trees to phosphate fer- 
tilizer. The production of alfalfa grown on soils low in phosphate was increased 
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manyfold by the use of phosphate fertilizer. On the contrary, young citrus 
trees grew well in the unfertilized pots and showed no measurable increase in 
growth in the pots fertilized with phosphate. 

BASE EXCHANGE AND PERTILIZEES 

It has long been known that a process called “base exchange” which takes 
place in soils has an important bearing upon the action of fertilizers. In a 
chemical sense, a “base” is a substance capable of combining with an acid and 
thereby forming what chemists term a “salt.” For example, sodium nitrate 
is a salt formed by the union of the base sodium hydroxide with nitric acid. 
Calcium is the base of calcium or lime compounds, potassium of potassium 
compounds such as potassium sulfate, and so on. Under certain conditions 
some bases are able to replace other bases or to change places with them. An 
illustration is given in the following description of a method of softening 
water. 

The hardness of water, which is due to an excess of the bases calciu m and 
magnesium in solution, is removed by passing the water through a water- 
softening material containing sodium in an adsorbed and exchangeable form. . 
An exchange takes place ; that is, the calcium and magnesium in solution take 
the place of the adsorbed sodium, the latter passing into solution in an amount 
more or less equivalent to the combined calcium and magnesium content of the 
original water, depending on how completely it is softened. The water-softening 
material eventually becomes charged with calcium and magnesium instead 
of sodium so that it is no longer effective as a softening agent. It is then treated 
with a solution of sodium chloride or common salt, with the result that the 
calcium and magnesium are replaced by sodium, so that the water-softening 
material is again ready for iise. 

A similar process takes place in soils. If, for example, a sufficient amount 
of sodium nitrate is applied to a soil, the sodium replaces calcium from cer- 
tain solid-phase components with the formation of soluble calcium nitrate. 
In turn, solid-phase sodium compounds corresponding to the original calcium 
materials are formed. Consequently, base exchange may bring about pro- 
nounced changes in the composition of fertilizers after they are applied to 
the soil. Furthermore, the amount and character of the replaceable bases vary 
in different soils, with corresponding effects upon the ultimate composition, 
and possibly thereafter the action, of the same fertilizers. This problem is 
again referred to in the discussion of fertilizer materials. 

FERTILIZER MATERIALS AND SOIL AMENDMENTS 
GENERAJj CONSIDERATIONS 

As remarked earlier, the fertilizer requirements of citrus will vary greatly, 
owing to differences in soils and climatic conditions. Among the substances 
that are or have been used by citrus growers as fertilizers or soil amendments 
are organic materials and compounds of nitrogen, phosphorus, potassium, 
calcium, sulfur, and magnesium. The soil may also be deficient in boron, cop- 
per, manganese, or, most commonly, zinc. These elements, as well as others 
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that are necessary for plant growth in mere traces, are frequently spoken of 
as “minor elements.” It is a rather misleading term, since the effect of the 
lack of anj”^ one of them upon citrus trees may by no means be of minor impor- 
tance. Copper, zinc, and manganese may be applied to the soil; hut it has been 
found that for citrus, in California, the most practical means of dealing with 
deficiencies in these elements is to spray the trees with dilute suspensions of 
compounds containing one or another of them as the need may arise. (For 
general recommendations elsewhere, see p. 356.) The “minor elements” are 
among the ones that commonly become toxic if they are present in quantities 
slightly greater than those required for normal growth of the trees. For 
example, boron is deficient in some of the soils of citrus orchards in Africa 
(Morris, 1938) and, on the contrary, is rather commonly found in California 
in amounts that are toxic. 


ORGANIC MATERIALS 

The most obvious result of applying organic matter to soil is an improve- 
ment in structure : the soil becomes more friable. Another common effect, 
especially in irrigated areas, is the increased rapidity with which irrigation 
water penetrates, owing parity to tlie physical effect of applying the organic 
material and partly to the products of its decay. Organic matter has been 
found especially valuable to many Florida soils. Studies of approximately 100 
orchards growing in the extremely sandy soils of Florida have shown (Peech, 
1939) a direct relationship between the base-exchange capacity and the 
organic-matter content of the soil. The exchange capacity is thought to be 
the best single-value index to the relative potential fertility of the various soil 
types planted to citrus in Florida. This author (p. 25) further states: “The 
higher exchange capacity and consequently the greater amounts of exchange- 
able bases of the surface soils, as compared with the corresponding subsoils, 
can be attributed also to the differences in the relative amounts of organic 
matter. In addition to its base-exchange properties and moisture-holding 
capacity, the organic matter upon decompo.sition libei’ates nitrogen, calcium, 
magnesium, potassium, phosphoi'us, and other plant nutrient elements. The 
carbonic acid formed resulting from the decomposition of the organic matter 
increases the hydrolysis of the exchangeable bases and helps to bring into 
solution the more insoluble minerals and compounds in the soil.” 

Organic matter in the form in which it exists in fertilizer material is essen- 
tially a transitory constituent of the soil. In most citrus groves new supplies 
are constantly being added and old material is constantly being decomposed. 

Decomposition . — The decomposition of organic material when added to soil 
is caused partly by enzymes, but chiefly by the activities of microorganisms 
in the soil which use the organic matter as a source of energy. Whenever this 
source of energy is available, the organisms quickly multiply and destroy it. 
The growth and activity of soil organisms, however, depend also upon the 
absorption of some of the same chemical elements that are necessary to plants. 
Among them is nitrogen in an available form. In decaying, the organisms may 
absorb nitrates from the soil if the nitrogen content of the organic matter is 
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too low in proportion to its carbon content. (See “Carbon: Nitrogen Eatio,” 
below.) Some of tbe nitrogen is released to the soil when the process of decay 
slows down and the organisms die. In any given soil, the various processes of 
decay proceed at varying rates until an equilibrium is reached. So long as the 
general conditions remain the same, the organic matter in the soil tends 
to remain rather constant in amount and composition. 

Carbon; nitrogen ratio . — The results of many investigations show (Waks- 
man, 1924 ; Salter, 1931) that under most farming conditions there exists a 
more or less constant ratio between the carbon content and the nitrogen con- 
tent of the soil, usually varying from 8:1 to 12:1 regardless of the ratio of 
these elements in the organic material which may be added to the soil from 
time to time. That is, for every 8 to 12 parts of carbon there exists in the soil 
1 part of nitrogen ; the average ratio is about 10 : 1. This is a dynamic equi- 
librium, and changes are constantly going oh that tend to balance it. 

The effect of an organic fertilizer upon soil fertility is dependent in some 
measure upon the nature and rate of its decomposition. The decomposition 
is essential to the formation of soil organic matter, the liberation of the chemi- 
cal elements contained in it, and the formation of nitrates from the nitrogenous 
part of the organic matter. 

Furthermore, organic matter, in decomposing, may liberate plant foods 
from minerals in the soil and from relatively unavailable inoi'ganic chemi- 
cal fertilizers. The solubility of calcium, magnesium, iron, and phosphorus 
were measurably increased (Jensen, 1917) in the soils of the Riverside, Cali- 
fornia, district by the addition of green manure, stable manure, or their 
extracts. The organic matter is also an important source of available nutrient 
elements, aside from any effect it may have upon soil constituents. 

It is well know'n that organic substances low in nitrogen, such as some 
leaves, cornstalks, and cereal straw, are not good fertilizers if used alone on an 
infertile soil. The application of these materials may indeed do harm during 
the period of their decay by deprmng the groAving crop of some of the nitrates 
stored in the soil. Experiments by Lyon, Bizzell, and Wilson (1923) illustrate 
this principle. Plant roots of widely varying nitrogen content were added to 
twenty-eight pounds of sandy soil that was low in organic-matter content. 
A container of soil with dried blood added was also included in the series. 
The amount of each material added was sufficient to contribute the same total 
amount of nitrogen to each respective container. Soil alone, for the control, 
was also included in the series. 

The amounts of nitrate recovered by teachings of the soil in these respective 
containers are shown in table 25. The recoA^ery of nitrate from different mix- 
tures differed Avidely and was proportional to the percentage of nitrogen in 
the added material. The materials AA'ith narrow carbon : nitrogen ratio w'dre 
most effective. The results might erroneously be taken to indicate an assimila- 
tion of nitrate from soil, under all conditions, by the soil organisms when the 
nitrogen in the added material was less than 1.8 per cent. That the extent 
and duration of this assimilation of nitrate from the soil will depend upon 
the initial nitrate content of the soil as well as the nitrogen content of the 
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added organic matter has been brought out by the studies of Crowther and 
Mirchandani (1931, p. 523), who concluded that “the ‘slow and steady’ action 
of nitrogenous fertilisers desired by farmers probably depends more on the 
previous history of the soil than on the specific properties of the fertiliser.” 

Loss of nitrates from citrus soils by leaching may be relatively low in irri- 
gated orchards, as compared with that in areas of great rainfall. In citrus 
orchards that are heavily fertilized, especially in furrow-irrigated orchards, 
there may be an accumulation of from five to thirty parts per million of nitrate 
in the top four feet of soil. Materials with a wide carbon : nitrogen ratio may be 
used more effectively under such conditions than where the nitrate content 
of the soil is low. 


TABLE 25 

Relation op Nitrogen Content op Various Plant Roots to Nitrogen 
IN LEkcHINGS PROM SOIL IN WHICH ThET DECOMPOSED* 


Material^ 

Nitrogen 

Weight of roots 
added 

Nitrogen in 
leaehings 


p^T cent 

grama 

milligrama 

947 

Oat roots 

0.45 

133.3 

207 

Timothy roots 

0.62 

96.8 

308 

Maise roots 

0.79 

75.9 

511 

Clover roots 

1.71 

35.1 

924 

Dried blood 

10.71 

S.6 

1761 


* Condensed from Lyon, Biszell, and Wilson, 1923, pp. 464 and 465. 
0 The same total amount of nitrogen applied by all materials. 


^Vhen organic materials with a wide carbon: nitrogen ratio are applied to 
a soil that is low in nitrate content, it may be de.sirable to apply also some 
concentrated, quickly available nitrogenous materials such as nitrate- or 
ammonia-containing fertilizers. This is especially important if the organic 
matter is applied in large amounts or if the application is made in the grow- 
ing season for citrus trees. The use of supplementary nitrogenous concentrates 
is especiallj’^ important if straw or strawy manure is used. Even high-grade 
dairy manure may cause a depression of nitrates in the soil for a few weeks 
immediately after its application. 

Typical analyses of bulkj- organic materials, commonly used for fertilizers, 
and of cover crops are shown in table 26. To convert data in terms of organic 
matter of fertilizers and soils to organic carbon, multiply by 0.580 ; and to 
convert carbon to organic matter multiply by 1.724. The range of the carbon : 
nitrogen ratio in the fertilizer materials varies from 14 : 1 to 71 : 1, and obvi- 
ously they may have to be used differently from each other if equally satisfac- 
tory results are to be obtained. 

Some of the factors that influence the rate of decomposition of organic 
fertilizers are beyond the power of the farmer to modify. These may include, 
in part, soil temperature, aeration, moisture supplj’-, and the nature of the 
microorganisms present. The chemical composition of the organic fertilizer, 
especially the proportion of carbon to nitrogen in the material, also has a 
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striking effect upon decomposition. The farmer may, by a choice of materials, 
influence this situation. Other things being equal, the materials that are rela- 
tively low in carbon and high in nitrogen decompose most rapidly. 

FAEMYAED MANTJEE 

General effectiveness . — Possibly the most widely used organic fertilizers in 
citrus culture in California, as well as in general farming elsewhere, are the 
various farmyard manures. Many studies have been made for the purpose of 
determining the relative efficiency of manure as compared with other sources 


TABLE 26 

Tvpical Ai'erage Analyses op Bulky Organic Materials 


Material 

Per cent 
nitrogen 

Per cent 
organic 
matter 

Per cent 
phosphoric 
acid (PsOi) 

Per cent 
potash 
CK>0) 

Carbon- 

nitrogen 

ratio 

Dairy manure (fresh) 

O.SO 

22. 6G 

0.24 

1.00 

26: 1 

Feed-yard maniiro 

1.25 

45.67 

0.61 

2.39 

21 : 1 

Poultry manure no. 1® 

2.50 

60.00 

2.50 

1.20 

14: 1 

Poultry manure no. 2« 

1.60 

■60 00 

1.25 

0.90 

18 : 1 

Hog manure® 

1.60 

52.00 

2.10 

1.01 

19:1 

Sheep manure® 

1.60 

50.00 

1.50 

1.50 

18: 1 

Alfalfa hay® 

2.63 

83.79 

0.56 

1.85 

19 : 1 

Alfalfa straw® 

l.SO 

82.00 

0.30 

1.50 

32: 1 

Lima bean straw 

1.34 

82.80 

0.27 

1.25 

36: 1 

Cereal straw 

0.70 

86.29 

0.34 

1 60 

71 : 1 

Cotton hulls® 

1.20 

80.00 

0 50 

4.00 

39:1 

Vetch cover crop* 

3.01 

68.70 



13 : 1 

Mustard cover crop, mature* 

1 51 

68.36 



26 : 1 

Mustard cover crop, young* 

3.48 

59.45 



10 : 1 


« From data of Caryl, 1940, p. 29. 

*> From data of Crowthor and Mirchanduni, 1931, p. 496. 


of nitrogen. Some of the work has been conducted in the greenhouse and the 
laboratory. Annual crops have most frequently been used as indicator crops. 
The utilization of nitrogen in manru'e has varied from 1 3 to 58 per cent of 
the total applied (Heck, 1931) in some of these experiments. Usually, however, 
the chemical fertilizers employed for comparison with manure — especially 
nitrogen — have not been applied for the purpose of providing the same amount 
of nutrients as are contained in the applications of manure. Under the 
soil conditions that obtain in many areas, the fertilizing value of manure 
may depend on the phosphate and potash it contains as well as the nitrogen. 
Compared with a mixed commercial fertilizer, the nitrogen, phosphate, and 
potash content, respectively, of feed-yai’d manure will be approximately 1.25, 
0.61, 2.39, plus 45 per cent organic matter. Even though manure is used in 
large amounts, its efficiency will be relatively low, especially when used with 
annual crops, probably because the nitrogen in manure is less available than 
the nitrogen in commercial fertilizer concentrates. 

The amount of manure used in both pot and field experiments has fre- 
quently been much in excess (Lipman, Blair, and Prince, 1928) of the amount 
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tliat would ordinarily be used in general farming, or necessary for good crop 
production. Under these conditions the effectiveness of manure cannot fairly 
be compared with that of artificial fertilizers; and furthermore, the relative 
effectiveness of a fertilizer cannot be judged safely when applied greatly in 
excess of the crop needs. 

Under certain field conditions, it has been pointed out (Heck, 1931) that 
only the ammonia or liquid-manure nitrogen is available for the first annual 
crop after the manure is applied to the soil. Carefully conducted laboratory 
trials, however, have shown (Jensen, 1931) that in well-decomposed manure, 
in which practically all the nitrogen is present in organic compounds, not less 
than one-fifth of the nitrogen has been nitrified after 300 days. Under citrus- 
grove conditions, soil-temperature and moisture conditions are favorable to 
nitrification during most of the year ; and this may, in part, explain the greater 
efficiency of manure as a fertilizer for citrus crops in California than for 
annual crops elsewhere. 

The nitrification, and thus in part the effectiveness, of manure and other 
organic materials as nitrogenous fertilizers may vary greatly with the dura- 
tion of their use, with diflierent cultural conditions, and with different crops. 
Often, however, where manure has been used as a fertilizer for annual crops 
over a long period, and thus the residual effects have been brought to bear on 
successive crops, the relative effectiveness of the nitrogen has been low. In the 
Rothamsted experiments (Russell and Watson, 1940) with wheat the effec- 
tiveness of nitrogen from manure has been, on the average for forty-five years, 
44 per cent of that from nitrate of soda, and 50 per cent of that from sulfate 
of ammonia. Some of this apparent ineffectiveness may have been due to a 
luxury supply, as the applications of the element from manure were greater 
than those from the inorganic sources. In comparing the direct and residual 
effects of manure and chemical fertilizers in Ohio (Salter and Schollenberger, 
1939) in a five-crop rotation system, after forty -three years, it has been shown 
that chemical fertilizers were more effective but with smaller differences than 
in the Rothamsted experiments. As the nitrogen applied by manure exceeded 
that from the chemicals in both places, the comparisons are not strictly equi- 
table. Other experiments in Ohio, conducted for twenty years (Salter and 
Schollenberger, 1939), in which the same amount of nitrogen was applied 
from both sources, showed more nearly equivalent effectiveness. In a four-crop 
rotation, if the twenty-year average increase for the chemical fertilizers is 
taken as 100, the increases from manure have been : corn, 101 ; oats, 77 ; wheat, 
60 ; and clover, 150. 

Ejject of soil reaction on fertilizer value. — As has already been mentioned, 
the soil reaction, as well as the carbon: nitrogen ratio of the material used 
(Jensen, 1931), may cause some variation in the effectivenses of manure and 
other organic matter. As a general rule, an examination of the microorganisms 
that decompose organic matter in an acid soil shows a predominance of various 
fungi. In neutral and alkali soils, bacteria are the predominating organisms 
(Jensen, 1931) . It has been shown from the substances which they decompose 
that fungi build up more protoplasm and retain more nitrogen than bacteria 
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do (Waksman, 1924) . Bacteria convert more of the organic matter into carbon 
dioxide, water, and ammonia. In an alkaline soil a certain part of the nitrogen 
added to the soil (approximately 1 part of nitrogen for each 20 to 25 parts of 
carbon added) is nitrified only very slowly, whereas the excess above this is 
liberated quite readily. In an acid soil 1 part of nitrogen for each 13 to 18 
parts of carbon is only very slowly nitrified, “probably on account of the 
greater activity of the fungi which synthesize more protoplasm and conse- 
quently store up more nitrogen than bacteria” (Jensen, 1929, p. 80). Besides 
the difference in the action of soil flora which probably accounts for poorer 
nitrification in the naturally acid soils than in those which are alkaline, there 
may be also be a lower supply of calcium, phosphorus, magnesium, and some 
of the minor elements. 

In laboratory trials of 180 days (Jensen, 1929) nearly three times as much 
nitrate nitrogen accumulated from manure applied to and mixed with an 
alkaline (pH 7.42) soil as from that mixed with an acid (pH 4.74) soil under 
similar conditions. This probably explains why farmyard manure is more 
effective iu a neutral or alkaline soil than in an acid soil. 

Use of manure on fruit crops . — Apparently some crops respond more readily 
to manure than others. Gooseberries have been shown (Bedford and Picker- 
ing, 1919) to respond better to farmyard manure than to chemical fertilizers, 
applications of each being made on a comparable nutritional basis. In trials 
with Washington Navel oranges at Ontario, CaUfornia, in an orchard planted 
on Hanford gi’avelly loam, equal production was obtained from trees fer- 
tilized with 2l^ pounds of nitrogen per tree each year supplied either from 
manure, tankage, ammonium sulfate, or a mixed commercial fertilizer (Booth, 
1930). When each of these fertilizers was combined with a winter cover crop, 
yields were obtained that were essentially equal within the casual error of 
field trials. The trials were conducted over a period of fifteen years and leave 
no reasonable doubt that in orange production in California, on the soil type 
where the trials were made, nitrogen in manure was as effective as the other 
sources used. It should be pointed out, however, that these results are totally 
contrary to the results of experiments, and general experience as well, in 
Florida. 

In an experiment carried out over a period of twelve years at the University 
of California Citrus Experiment Station (Parker and Batchelor, 1942) the 
Washington Navel orange yields from the various plots indicated that it is 
not possible to use manure as a source of nitrogen quite as effectively as the 
commonly used concentrates. Also, nitrogen from the combination of manure 
and urea in equal amounts risually produced yields larger than where manure 
was used alone. The nitrogen was used only moderately, the total amount being 
the same for each plot, and always with a winter cover crop. Beau straw, 
alfalfa hay, and even cereal straw' wei'e as effective as manure in combination 
with urea, in these trials, if the carbon : iritrogen ratio of the combinations w'as 
not too wide. How generally the results may be applied, in the various citrus- 
growing districts of the world, is not known. There may be other places besides 
Florida w’here they most certainly do not apply. 
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Much of the dairy manure available to citrus growers in California contains 
little nitrogen in excess of a 20:1 carhon-to-nitrogen ratio (Batchelor, 1933) 
unless especial care has been exercised, in the accumulation of the supply, to 
cause the urine to be absorbed in the solid material. 

Manure combined with concentrates. — ^Laboratory investigations on the 
nitrification of manure nitrogen (Jensen, 1931) showed that, when manure of 
a 21 : 1 carbon-to-uitrogen ratio was mixed with soil, 22 per cent of the nitrogen 
was nitrified after 360 days. When a combination of manure and ammonium 
sulfate was mixed with soil in such proportions that the applied material had 
a 16 : 1 earbon-to-nitrogen ratio, 41 per cent of the applied nitrogen — or all 
the nitrogen added in the ammonium sulfate and 24 per cent of the nitrogen 
in the manure— nitrified in the same length of time. This may explain why 
some casual observations and the results of a few comparable field trials 
(Batchelor and Parker, 1934) indicate that better citrus yields may be ex- 
pected in California from the use of a combination of manure and artificial 
concentrates than by the use of manure alone. This probably accords with 
the general experience of farmers in this state, and may be considered a safer 
and usually more economical practice to foUow than to depend upon the use 
of manure alone. In Florida, on the contrary, one may question the desirability 
of using manure at all in citrus orchards ; for reasons not well understood it 
has been a practical failure as a source of nitrogen in that state. 

Vaile (1924) repoi’ted that the use of concentrated fertilizers over a period 
of years, without the addition of organic matter, had often failed to give good 
results in California. When 60 per cent or more of the nitrogen came from, 
bulky manures, better results were obtained than when relatively less organic 
matter was applied. 

It is also cheaper and possibly more profitable in many districts to use only 
moderate amounts of manure and reinforce it with concentrated fertilizers 
than to depend on the use of manure entirely. In some districts alfalfa hay, al- 
falfa straw, cotton hulls, cereal straw, or bean straw can be used in place of 
manure if the supplementary applications of concentrates are carefully made, 
with due regard to the carbon : nitrogen ratio of the organic material used. 

Manure and straw. — Cereal straw used alone or as a large constituent of 
stable manure tends to render soil nitrogen temporarily unavailable. Unless 
the nitrate nitrogen of the soil is already excessively high, as it may be under 
arid conditions, and especially with furrow irrigation, the reduction of nitrates 
following applications of cereal straw alone, or in manure, may persist for 
some time. 

It should be understood, however, that the depression of nitrate accumula- 
tion in a soil after an application of low-grade manure or grain straw is 
temporary. Applications of these materials as a source of organic matter should 
also precede the semidormant period of the citrus trees rather than the active 
growing period. The application of grain straw in the fall of the year, if a 
moderate amount is used and is thoroughly incorporated into the soil at the 
time it is applied, may be a safe practice. Green manure or cover crops grown 
in the orchards are also important sources of organic matter (see chap. viii). 
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In summarizing the foregoing review of the effect of organic matter and 
manure upon the broad complex subject of soil fertility, the following is 
offered as a means of briefly clarif jdng the subject : 

1. The application of organic matter improves soil tilth. Under some systems 
of culture it is a requisite for the maintenance of good soil condition. Under 
other circumstances this item may be of little or no importance. 

2. Organic material with too wide a carbon: nitrogen ratio must have sup- 
plementary nitrogen if the ill effects of temporaiy nitrogen tie-up are to be 
avoided. 

3. Organic materials supply appreciable amounts of phosphorus and potas- 
sium and small amounts of other elements in addition to nitrogen. 

4. The base-exchange capacity, the relative potential fertility, and the or- 
ganic-matter content of the soil are interdependent in the sandy soils of 
Florida, on which many of the citrus orchards are planted. 

5. The majority of experiments, especially with annual crops, show that not 
so high a percentage of the nitrogen in or^nic materials is recoverable by the 
crops as in inorganic sources of nitrogen. (See table 28, p. 341, for the bene- 
ficial effect of cover crops on orange yields.) 

ISTITROGEN 

Nitrogen is the principal growth-promoting element, and experience the 
world over has shown its importance in producing good citrus crops. Most trees 
and plants are believed to take nitrogen from the soil as nitrate, and the term 
“nitrification,” in the comprehensive sense, signifies the conversion of other 
compounds of nitrogen into nitrate by soil organisms. Nitrates are readily 
soluble and easily moved by Avater in soils. Consequently, heavy rains may 
carry nitrates below the root zone, especially in soils of low Avater-holding 
capacity; this may be considered the usual condition prevailing in the humid 
regions of high rainfall. 

Accumulation of nitrates . — ^Where furrow irrigation is practiced, however, 
it has beeji shown (McBeth, 1917) that nitrates tend to accumulate at or near 
the surface of the soil, chiefly between the furroAvs, during the season of little 
or no rainfall. Hence, in many citrus groA'es Avhich are irrigated in furrows 
as much as 75 per cent of the nitrate nitrogen in the top three feet of soil may 
be above the root zone during the dry season. In most years the dry season in 
the citrus districts of California extends over seven or eight months ; usually 
there is little rain of consequence from April 1 to October 21. The surface 
accumulation of nitrate accounts in part, perhaps, for some of the occasions 
Avhen nitrogen fertilization is inefficient. It is also believed that this accu- 
mulation is the major cause of holdover effects, from one year to another, of 
commercial nitrogenous fertilizers (Surr, 1927). An important practical con- 
sideration is that when commercial nitrogenous fertilizers are spread broad- 
cast in groves irrigated in furrows, after the end of the rainy season, much 
of the nitrogen is likely to remain aboA^e the root zone until the folloAving 
rainy season begins and enough rain falls to cause a downward movement. The 
lateral movement of nitrates — that is, away from the furrows — during irri- 
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gation has the advantage, however, of largely preventing the nitrates from 
being carried off in the waste irrigation water. 

Nitrogenous materials . — Among commercial nitrogenous fertilizers which 
are by-products are ammonium phosphate, ammonium sulfate, castor pomace, 
cottonseed meal, tankage, fish meal, and dried blood. There are also various 
natural and synthetic products containing nitrogen, such as nitrate of soda, 
calcium cyanamid, urea, ammonium nitrate, anhydrous ammonia, and nitrate 
of lime. These materials are sold as fertilizers either separately or in combina- 
tion with one another. It should he kept in mind, however, that tankage, fish 
meal, cottonseed meal, and mixed fertilizers contain other elements of plant 
food besides nitrogen. As a constituent of fertilizer, nitrogen may he classified 
as (1) nitrate nitrogen, (2) ammonia nitrogen, (3) water-soluble organic 
nitrogen, and (4) water-insoluble organic nitrogen. Nitrate nitrogen is imme- 
diatelj"- available. Ammonia nitrogen has to he converted into nitrate, or, in 
other words, nitrified by soil organisms, before it is fully available to most 
trees and plants. Finally, the conversion of organic nitrogen into the nitrate 
form requires several steps. In general, the greater the number of steps neces- 
sary before the nitrogen becomes available, the less efficient is the fertilizer, 
especially for quick-growing annual crops; but this is not necessarily true for’ 
tree crops. 

Movement of nitrogen with soil moisture . — ^Where it is likely that periodical 
heavy rains will fall upon loose open soils and thus carry the nitrates below the 
root zone, it is not desirable to apply all the nitrogen in the nitrate form at one 
time. Experience has shown that splitting the dosage under siTch conditions 
and making more than one application of a soluble fertilizer repays the extra 
trouble. Simultaneous applications of nitrogen in two or three forms, some of 
which are only slowly available, might more economically accomplish similar 
resrdts. 

Base exchange plays an important part here, for ammonia compounds are 
commonly held or fixed in the top few inches of loam or clay loam soils. After 
the ammonia nitrogen has been converted to nitrate, it readily moves with the 
soil moisture. The fixing power of the very light sandy soils, however, is so 
exceedingly low that a fertilizer such as sulfate of ammonia can be leached 
below the root zone very quickl 3 f by excessive rains or irrigation. Where there 
is a'probability of losses by leaching, the water-insoluble organic fei’tilizers 
have an important advantage on sandy soils, and ammonia and organic sources 
have an advantage on the heavier soils. On the other hand, in some citrus dis- 
tricts with relatively little rainfall and heavy compact soils the problem is to 
promote the movement of the nitrogen into the root zone rather than to prevent 
its leaching below that zone. Applications should then be made early in the 
growing season. 

Some growers say it is better to apply the fertilizer in the irrigation furrows 
than to distribute it broadcast. Care should be taken to apply it in furrow 
bottoms oiil^’-, as the fertilizers will not he carried do’wn unless they are actually 
covered by the irrigation water. Purthei’raore, while such fertilizers as urea 
and sulfate of ammonia are readily soluble in water, they are by no means 
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readily moved by water in soils with a high fixing power until their nitrogen 
has been converted into the nitrate form. Hence, when fertilizers of this type 
are applied in irrigation furrows, it is advisable to run the water in the same 
furrows during the next two irrigations. The first irrigation supplies the 
moisture, which is a prime requisite for nitrification, and after several weeks 
the second irrigation will carry part of the resulting nitrates down within the 
root zone of citrus trees. There should be an interval of at least two weeks 
between these irrigations, to allow time for nitrification. Temperature is an 
important factor in nitrification, and in cool weather the interval could ad- 
vantageously be longer. 

Besides plentiful rainfall or overhead irrigation, basin irrigation is an 
efficient method of earrsdng nitrates downward, provided they are actually 
covered bj"^ the water. Where basin irrigation is only occasionally practiced, 
much of the surface soil, which may contain most of the nitrates and certain 
other compounds, is often scraped into the ridges between the basins. Little 
nitrate may then reach the root zone. The ideal method is to make the basins 
first and then spread the fertilizer and irrigate. 

Some citrus growers in the arid I’egions dissolve fertilizers in the irrigation 
water before applying it ; there are, in fact, good productive citrus groves in 
California in which this method is used. This is naturally the only practical 
method of applying anhydrous ammonia. 

The problem of using nitrogenous fertilizers effectively, without undue loss, 
will depend appreciably on the soil conditions and the climate. In the desert 
areas the problem centers around reaching the root zone with the nitrates. In 
the humid sections of heavj’' rainfall the problem of applying such fertilizers 
without excessive loss by leaching is of practical concern. This is especially 
true for the light sandy soils, where even the ammonia fertilizers may be lost 
by leaching. A quickly available material such as nitrate which may be taken 
up by the trees before excessive loss occurs, or a slowly available material such 
as castor pomace, may then be preferable to an ammonia fertilizer. 

Some growers believe that a fairly liberal supply of available nitrogen in 
the spring is desirable for citrus trees in order to provide for their needs 
during the blooming and fruit-setting period. Further, it is probable that the 
young fruit grows faster on well-nourished trees and consequently is less 
susceptible to “June drop.” The nitrogen in bulky organic materials, such as 
manure or bean straw, may be but slowly available, and the amount of nitro- 
gen already available in the soil may be temporarily reduced as they decom- 
pose. Hence such materials, especially in large amounts, should preferably 
not be applied in the spring. 

Nitrification is slow in cold soils. Where soils do not warn up rapidly in the 
spring, it is well at that season to apply at least some of the nitrogen in the 
nitrate form. In arid regions, how'ever, on account of the usual surface accu- 
mulations of nitrates in the dry season, the root zone may possibly be well 
supplied with available nitrogen from previous applications carried down by 
rain in the spring, especially if clean cultivation has heen practiced and the 
rains have been opportune. 
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Protein nitrogen is sometimes more highly valued for fertilizing than other 
forms of nitrogen, but, as pointed out by Lipman and associates (1928), this 
idea is erroneous per se. There may be special secondary conditions, such as 
a particular crop response, soil reactions, or losses from leaching, -which will 
amply justify an exception to this general statement. Other things being equal, 
the nitrogen in so expensive a material as dried blood may be less efficient for 
some crops than the nitrogen in a cheaper nitrate form. Such materials as 
blood, tankage, fish meal, and cottonseed meal are not economical sources of 
organic matter and, as usually applied, provide at best only small amounts. 
The price of these materials is determined in some degree by their competitive 
value as stock feed and for other uses. Castor pomace is, where available, one 
of the most effective sources of organic nitrogen. 

Choice of materials . — In buying a fertilizer material for the purpose of 
obtaining nitrogen, the cost per unit of nitrogen should be taken into account. 
The season of application in relation to rainfall, and thus the movement of 
the nitrogen into the root zone of the trees, should also be considered. The 
nitrate fertilizers are immediately available as soon as they reach the root 
zone, but are very readily moved through the soil by soil moisture and lost by 
leaching. The ammonia fertilizers requme time in which to nitrify and are 
only gradually moved into the root zone in soils containing a sizable amount of 
colloidal material. The nitrifying process, caused by the microorganisms m 
the soil, proceeds -with varying rapidity, depending especially upon soil tem- 
perature and soil moisture. Whereas 100 per cent of the nitrogen in the nitrate 
fertilizers is theoretically available for the plant growth, only a portion (from 
60 to 86 per cent) is usually available from the ammonia and organic fer- 
tilizers. The loss of nitrogen where nitrates are used, under orchard conditions, 
will greatly exceed the loss where ammonia or, especially, water-insoluble 
organic materials are used, when leaching of the soil takes place. In areas of 
hea-vy rainfall or where basin irrigation is practiced, the use of some ammonia 
or organic nitrogen may be expected to give better results than the use of 
nitrates. Even the ammonia fertilizers may lose much of their value from 
leaching in very sandy soils. The organic materials include dried blood, fish 
meal, cottonseed meal, castor pomace, manure, bean straw, and alfalfa hay. 
Even though these organic materials are nitrified in the soil, accompanied by 
some loss of the nitrogen as ammonia gas and some as free nitrogen, they still 
are very elfeetive nitrogenous fertilizers for citrus trees. 

The rapidity with which various nitrogenous fertilizers are nitrified and the 
amounts (per cent) of their nitrogen which became converted to nitrate at 
the end of sixteen weeks, in a laboratory experiment, are shown in table 27. 
The soil moisture, temperature, and air conditions were kept constantly favor- 
able for rapid nitrification. Whereas from sulfate of ammonia 86 per cent of 
nitrogen became available as nitrate at the end of the sixteen weeks, from 
cottonseed meal only 62 per cent became available. Subsequent periodical ob- 
servations were made of the nitrate content of samples comparable to those 
for which data are presented in the table. The complete data indicate that, 
under the conditions which existed in this experiment, practically the maxi- 



340 


Citrus Industry: Production of the Crop 

mxim nitrification had taken place by the sixteenth week. Under less favorable 
conditions of temperature and soil moisture a longer period would he required 
to complete the nitrification. In spite of such laboratory trials as that just 
mentioned, the effectiveness of different nitrogen carriers in producing citrus 
crops may he closely similar imder field conditions. Soil acidity, temperatures, 
residual effects of past treatments, effect of the fertilizer on the physical con- 
dition of the soil, and other like factors, may have a direct hearing on the 
problem. The conditions under which some short-term field trials in California 
have been conducted have indicated that the choice of nitrogen carriers there 
can safely depend chiefly upon the price per unit of nitrogen. Experiments 

TABLE 27 

Peecentaoe op Total Kitrogen That Became Available 
AS Nitrate prom Different Pertilizee Materials 


Percentage of total nitrogen nitrified at 
end of the weeks specified 


Material 

1 

Second 

week 

Dighth 

week 

Sixteenth 

week 

Sulfate of ammonia ' 

56 

72 

86 

Dried blood 

40 

56 

78 

Crea 

55 

60 

78 

Calcium cyanomid 

3 

64 

74 

Cottonseed meal 

36 

I 1 

64 

! 

62 


carried on at Ontario, California (Booth, 1930), as well as more extensive 
trials conducted later for a twelve-year period at Kiverside (Parker and 
Batchelor, 1942), support this conclusion. Table 28, from the latter experi- 
ment, indicates that orange trees may use nitrogen from various sources with 
equal effectiveness. This is not true for all citrus-growing regions of the world. 
The impurities in the fertilizer materials, the effects on the soil reaction, 
effects on the physical condition of the soil, the leaching losses under other 
climatic conditions than those in California, may all be pertinent considera- 
tions which were not apparently important in either of the trials mentioned 
above. All the trials mentioned were conducted over too short a period of years 
to constitute a safe guide for concluding that the choice of nitrogen materials 
should depend mainly upon the cost per unit. The experiences in Florida show 
clearly that it is not true for that state. Local conditions vary so widely in 
various citrus-producing areas of the world that the advice of the local experi- 
ment stations should be sought before a citrus grower- embarks upon a re- 
stricted program of fertilization over a prolonged period. 

The aim here, in the main, is to discuss the principles of fertilizing rather 
than to make specific recommendations for all conditions. A good practice in 
one region may not he equally profitable in another. For example, animal 
manures and other bulky organic materials are cheaper in some districts than 
in others, and more effective as a source of nitrogen. But even where such 
materials are relatively expensive, there may be justification for the practice 
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of using bulky organic materials as a source of part of the nitrogen. The bene- 
ficial effect of the organic matter upon the soil structure may be an added 
advantage ■which 'will justify the practice, especially in orchards on soil types 
which do not readily absorb water. There, the addition of organic matter to 
the soil is decidedly a help in making the soil more readily permeable to irri- 
gation water and rainfall. Where cover crops are gi’own in the orchard, the 
purchase of animal manures may not be so fully justified unless they are 
relatively cheap. 

TABLE 28 

Eelative Orange Yields, Showing Effectiveness of Various 
Concentrated Nitrogenous Fertilizers* 


(Winter cover crops grown. Nitrogen applied broadcast in the 
spring at the rate of one pound per tree annually) 


Treatment 

1928-1931 

1932-1935 

i 

1930-1939 

1928-1039 


Mean annual yield per tree, pounds 

Nitrate of soda 

114 

145 

120 

126 


Relative yields" 

Nitrate of soda 

100 

100 

100 

100 

Nitrate of soda and gypsum 

106 

105 

103 

105 

Nitrate of lime 

108 

no 

99 

106 

Sulfate of ammonia 

98 

87 

05 

97 


104 

98 

100 

100 

Dried blood 

100 

103 

100 

101 

Cottonseed meal 

94 

101 

94 

97 

Mixed sources of nitrogen^ 

103 

102 

96 

100 

Cover crop only 

72 

47 

17 

45 


* From Parker and Batchelor, 1942, p. 6. 

• Yields for the nitrate of soda treatment are assigned a value of 100, and all other yields are expressed in 
relation to them. 

^ Nitrate of soda, dried blood, and sulfate of ammonia supplying equal amounts of nitrogen. 


In California it is a common practice among citrus growers to supply ap- 
proximately half the nitrogen from bulky organic sources. Practical considera- 
tions such as prices of the fertilizer materials and their effects on citrus yields, * 
as well as upon the soil conditions, are the controlling factors. 

PHOSPHOEUS 

Phosphorus, like nitrogen, is essential to plant growth. Citrus trees do not 
take up nearly so much phosphorus as either nitrogen or potassium, however. 

Phosphate accumulations . — ^Unlike nitrates, phosphate is quite securely 
held by soils. Collison (1919, p. 48) says, of some experiments on rather coarse 
sands in Florida : “A large proportion of the phosphoric acid applied in the 
fertilizer is retained in the upper nine inches of soil. Practically none is 
leached out.” At Gainesville, where some of these trials were carried on, the 
rainfall averaged about forty-nine inches a year throughout the period of 
the observations. 
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Studies iu Florida (Bryan, 1933) have shown, especially in mature citrus 
groves, that in the top three feet of soil there are marked accumulations of 
phosphorus which have resulted from relatively liberal yearly applications 
of phosphoric acid, the usual procedure in fertilizing bearing groves in that 
state. After studying the soils from nearly one hundred citrus orchards in 
Florida, Peech (1939, p. 37) concluded: “The use of phosphatic fertilizers 
has, in some cases, definitely increased the amount of readily soluble phos- 
phorus in the soil. Most grove soils were found to contain from 100 to 600 
pounds of readily soluble phosphorus as determined by Truog’s method. In 
a general way, the acid-soluble phosphorus content in surface soil samples Avas 
related to the age of the grove. The amoiuit of water-soluble phosphorus was 
found to increase Avith the increasing amount of acid-soluble phosphorus in 
the surface layer. Although the exact nature and the availability of the accu- 
mulated phosphorus have not been established, the large amounts of water- 
soluble phosphorus found in some of the groA'e soils shoAving a high content 
of acid-soluble phosphorus would indicate that it should be readily available.” 

In California it has been found (Stephenson and Chapman, 1931) that 
applications of phosphate moved sloAvIy into the first and second feet of soil. 
In groves that have been repeatedly fertilized with phosphate or manure most 
of the eitius soils of California show a decided increase in available phosphate 
(Chapman, 1934), in comparison with adjacent unfertilized areas. Areas that 
have been consistently fertilized with phosphate for twenty years or more may 
show a movement of phosphorus even into the fourth foot from the surface. 

Penetration of phosphate in soils . — Comparisons of the relative penetration 
of phosphorus from bone meal, phosphates, and manure (Stephenson and 
Chhpman, 1931) haA^e disclosed several important results. After tAventy-two 
annual applications to a loam soil in California there was no evidence of a 
penetration of water-soluble phosphate below a depth of 12 inches in plots 
fertilized Avith bone meal, as compared with penetration to depths of 24 to 36 
inches in plots fertilized with superphosphate or manure. There are indica- 
tions that phosphorus in manure moves readily through the soil. This may 
possibly be due to the improved soil structure brought about by the presence 
of the organic matter. On the very sandy soils of Florida, bone meal has been 
a satisfactory source of phosphorus, however, AA'hen used in citrus orchards. 

Phosphate from manure . — The availability of the phosphoric acid in manure 
differs from that of nitrogen in being practically equal to that of mineral fer- 
tilizers (Salter and Schollenberger, 1939). In fact, studies designed (Gardner 
and Robertson, 1935) to compare the value of manure as a source of phos- 
phorus with treble superphosphate indicated that manure much more effec- 
tively increased the available phosphorus. 

The stability with which phosphate remains in the soil has a direct bearing 
on any fertilization that may be economically justified on land previously 
treated with either phosphate concentrates or with rather large amounts of 
manure. A large proportion of the citrus groves of California and Arizona are 
fertilized in part Avith dairy manure or other organic materials. Moderate 
applications of manure may be equivalent to 300 to 900 pounds of superphos- 
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phate (16 per cent PjOo) per acre. Many groves that have been so treated no 
doubt have available a much larger supply than exists in the virgin soil ; in 
fact, an ample supply for many years to come. In the noncalcareous soil types, 
typical of the citrus areas of southern California, there is reason to believe 
that sources of applied phosphate from manure will remain relatively avail- 
able for a long time. In calcareous soils as well as acid soils the applied phos- 
phates may gradually revert to less available forms. 

Phosphorus in soils of arid regions. — ^Even though the inherent supply of 
phosphorus is relatively high in the common orchard soils of the arid regions, 
numerous field trials have nevertheless been conducted on various soil types 
in California to determine the relative response of citrus crops to phosphate 
fertilizers. Without exception, these have shown negative results ( Chapman, 
1934) as indicated by fruit production ; and there has been no effect on the 
quality of the fruit (Booth, 1930 ; Batchelor and Parker, 1934) . Some investi- 
gators have directed attention to the fact that the phosphate fertilizers did not 
even improve the growth of cover crops or weeds in the experimental areas. 
The logical conclusion from these results must be that the soil types commonly 
used for citrus in California are amply supplied with phosphorus for the 
needs of citrus trees. 

There are soil types, rarely found in the citrus areas of California, which 
apparently are deficient in available phosphorus, as measured by annual crops. 
This cannot be taken as an indication of the probable response of citrus trees, 
however. Experiments have shown (Crandall and Odland, 1932) that even 
the commonly grown vegetable crops may respond very differently to applica- 
tions of phosphate and potash. If the applications of phosphate on such soils 
should directly benefit cover crops, then possibly the tree crops would be 
indirectly favored by the increased growth of organic matter. The necessity of 
applying superphosphate to such soils, in addition to manure or other organic 
matei’ials, may be inferred if the cover crops respond to this material. Addi- 
tional observations and experience will be necessary to justify such applica- 
tions finally. 

The indications from both pot cultures and field trials are that available 
phosphorus is not lacking for tree crops where cover crops and weeds make 
a rank growth. It may be repeated here that the soil types on which citrus is 
most commonly grown in the arid Southwest are not low enough in phosphorus 
to make its use measurably effective. It is a relatively cheap fertilizer material 
and should be used wherever there is a probability of its paying a return on 
the expenditure. The use of any fertilizer, however, which is not a profitable 
investment cannot be justified. 

Use of phosphate in Florida. — The humid conditions of Florida and the 
use of sandy soils for citrus production have prompted, in that state, the 
practice of making relatively liberal applications of phosphate. It is a cheap 
material, locally produced, and its continued use in many old Florida orchards 
has, in general, been associated with profitable yields. Breazeale and Burgess 
(1926, p. 236) state that “plants are able to absorb phosphorus readily from 
solutions as dilute as one-tenth of a part per million.” Consequently, a very 
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small amount of available phosphorus in the root zone may be sufficient, pro- 
vided that amount is maintained during the growing season. 

Phosphate materials. — ^Various phosphorus compounds are used as com- 
mercial fertilizers. The chief matei-ial is superphosphate, which is made by 
mixing together about equal weights of finely ground phosphate rock and 
sulfuric acid. The principal purpose of adding the acid is to render the 
phosphate soluble. The finished product is known as superphosphate and is 
commonly mentioned with a prefix to the name. For example, “16 per cent 
superphosphate” means that it contains 16 per cent of P 2 O 3 , or phosphoric 
anhydride. It does not thus occur in fertilizers, however, for it combines 
actively w'ith water. Finally, some metallic elements such as calcium or 
sodium enter the equation. Most of the phosphorus in the superphosphate is 
in the form of monocalcium phosphate, which is soluble in water. Ordinarj'’ 
superphosphate contains a large amoimt of gypsum. Double superphosphate 
may be characterized as superphosphate without the gypsum. Treble super- 
phosphate is essentially the same as double. Other calcium phosphates, which 
are insoluble in water, are present in phosphate rock and in bones. 

Bone meal is sold either as steamed bone meal, which has been steamed under 
pressure, or as ground raAV bone. The steaming removes about half the nitro- 
gen present in raw bone, but the resulting phosphate is more readily available 
as a fertilizer material. The phosphoric acid of animal tankage and of fish 
meal is mainly from the bone content. 

Ammonium phosphates are synthetic products which are relatively high in 
water-soluble phosphoric acid and are thus sources of both phosphorus and 
nitrogen. 

Metaphosphate has recently been developed as a factory product by the 
Tennessee Valley Authority. This material contains approximately 62 per 
cent of available phosphoric acid. 

Little phosphorus is actually removed in citrus crops. In California, for 
example, a crop of oranges considerably above average is 300 packed boxes 
per acre, or approximately 21,600 pounds net weight. This amount of fruit 
would remove only about 11.88 pounds of phosphate per acre. 

POTASSIUM 

Like nitrogen and phosphorus, potassium is absolutely essential to plant 
growth. When applied to soils, the potsissium in potash compounds is apt to 
be firmly fixed by base exchange : the potassium changes place with other bases, 
such as calcium, and unites with soil components previously combined with 
calcium, giving rise to more or less complex silicates containing potassium. 
When sulfate of potash is applied to a soil the potassium may replace calcium, 
with the formation of calcium sulfate; hence, white soil-surface coatings of 
gypsum often follow applications of potassium sulfate. 

Potassium held by the soil. — The potassium in soils is held mainly by the 
clay or clayey materials, and, even in a relatively humid country like England, 
clay soils commonly make little or no response to applications of potash com- 
pounds, in spite of being subjected to heavy rainfall. 
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On the other hand, the clay content and the potassium content of the citrus- 
orchard soils of Florida are low, and fertilizers are applied primarily as salts 
of potassium. After studying these orchard soils in Florida, Peeeh (1939, p. 18) 
concluded : “If comparison is made of the small amounts of potassium found 
in acid sandy soils low in exchange capacity, with an average annual appli- 
cation of potash commonly used, it would seem that the loss of potassium 
through leaching in such soils has been much greater than is usually assumed.” 

TABLE 29 

Water-Soluble Potash (KjO) in the Soil of Plots Fertilized 
WITH Different Materials* 

(Same fertilizer program for eaeh plot of orange trees 
for seventeen years) 


Water-Boluble K3O in dry soil* receiving 
. different treatments 


Sampling depth 

Fertilized with 
^>dium nitrate, 
dried blood, 
and sulfate 
of potash^ 

Fertilized 

with 

manure^ 

Unfertilized 

inchti 

p.p.TO. 

p.p.m. 

p.p.vn. 

0-6 

85 

73 

18 

6-12 

43 

62 

20 

12-24 

32 

21 

13 

2i-3a 

12 

17 

8 

36-48 

14 

11 

13 

48-60 

11 

13 

10 

60-72 

0 

7 

8 


* From unpublished data on file at the University of California Citrus Experiment 
Station, Riverside, California. 

> Average of two plots each. 

^ Sulfate of potash applied annually at the rate of 292 pounds per acre. 

* Barnyard manure applied annually at the rate of 1,090 cubic feet per acre. 


There has been a notable increase in the content of water-soluble potash in 
the top two feet of soil of the fertilizer plots maintained by the University of 
California Citrus Experiment Station. Moderate amounts of sulfate of potash 
and of manure have been applied to this Eamona loam eveiy year for seventeen 
years. The increase is especially significant at a depth of from 6 to 24 inches. 
Within this zone the citrus-tree roots are probably more densely distributed 
than in any other part of the soil mass. Table 29 shows comparisons between 
the water-soluble potash of (1) the plots receiving sulfate of potash, (2) those 
receiving dairy manure, and (3) those receiving no fertilizer. The averages 
are based upon the careful sampling of two plots in each treatment. It is evi- 
dent from these trials that a modei'ate application of dairy manure at the rate 
of 1,090 cubic feet per acre annually for seventeen years increased the water- 
soluble potash of the plots to essentially the same amount as the increase which 
resulted from the application of sulfate of potash. The small difference re- 
corded is within the casual error of soil sampling. It is interesting to note from 
this table that, although the potash has been gradually carried well within 
the zone of densest citrus-root development, it apparently has not been lost 
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by leaching below the limits of the root system. There is much more clay in this 
soil than in the Florida soil with which Peech (1939) worked, a fact which 
offers the most probable explanation of the difference in the results. Much of 
the surplus of potassium applied in fertilizers will probably remain in soils 
for many years, especially in soils with a rather large clay content. 

Potash in manure. — Oftentimes, citrus orchards receive a great deal of 
potash from materials that are purchased and applied because they contain 
other constituents. High-grade feed-j'ard manure will likely contain more 
than 2 per cent potash (KjO) . The manure may be used primarily as a source 
of nitrogen and organic matter; nevertheless, relatively large applications of 
available potash (Batchelor, 1933) are made to the soil in this material. For 
example, 5 to 10 tons of manure per acre are frequently applied in many groves 
in Arizona and California. This might, therefore, apply the equivalent of 400 
to 800 pounds of sulfate of potash (49 per cent KjO) per acre. 

The potash content of other commonly used bulky organic fertilizers may 
also make noteworthy additions to the potash content of an orchard soil. 
Analyses of some of the most commonly used materials are shown in table 26. 
It is improbable that potash salts need be applied to citrus groves to supple- 
ment manure, or other bulky organic materials such as alfalfa hay, bean straw, 
or cereal straw. 

Experiments using potash . — Numerous experiments made during many 
years have failed to show any benefit to citrus trees in California from appli- 
cations of potash in commercial fertilizers. The experiments (Parker and 
Batchelor, 1942) have been carried out over a series of years on the various 
soil types of the State on which citrus orchards are most eommonh’ grown. 
When results such as they show are obtained by the use of potash concentrates 
without manure, it is clearly less probable that potash will be effective in com- 
mercial orchards which currently are, or heretofore have been, fertilized with 
manure. 

The usual complete lack of any measui-able effect from the use of potassium 
in citrus groves in the arid Southwest is believed due to the high potash con- 
tent of the original soils.^ As shown in table 29, the check plots on which citrus 
trees have been growing for seventeen years without fertilization still show 
a relatively high content of water-soluble potash. 

In Florida, manure has not generally proved satisfactory as a fertilizer for 
citrus orchards. The use of some commercial potash fertilizer is a common 
practice there. The application in proportion to nitrogen and phosphate 
is relatively large in many of the successful citrus orchards. 

Potash materials . — ^Potash salts for fertilizer purposes were formerly sup- 
plied primarily from deposits in Germany and France, and secondarily from 
deposits in the United States. Since 1932, domestic production has increased 
rapidly, and by 1938 the United States production was 270,000 short tons 
of K,©. This amounted to approximately 60 per cent of the total consumption 
for the country. By 1942, the United States production amounted to practi- 

’ Some of the irrigation water nsed in California contains water-aoluble potassium to the 
extent of 5 to 7 parts per million. 
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cally the total use in this country of 539,000 tons of actual potash (K 2 O).’ 
American deposits, however, were severely exploited in the war j’-ears. 

The two compounds most commonly used are muriate of potash (potassium 
chloride) and potassium sulfate. The fertilizer grade of muriate of potash 
should contain not less than the equivalent of 48 per cent potash (K^O). The 
two grades most frequently merchandised contain the equivalent of 50.5 per 
cent or 60 per cent KjO. The fertilizer grade of potassium sulfate contains 
48.7 per cent KjO. Sulfate of potash-magnesia is extensively used in Florida 
as a source of both potash and magnesium. It contains not less than 25 per cent 
potash (KoO) and not less than 25 per cent sulfate of magnesia, and not 
more than 2.5 per cent chlorine. Another compound less commonly used is 
potassium nitrate, 46.6 per cent K 2 O plus 13.9 per cent N. There is also a 
product called nitrate of soda potash which is appiuximately a mixture of 75 
per cent nitrate of soda and 25 per cent nitrate of potash. This is more com- 
monly used in producing mixed fertilizers or as a top dressing. 

OAI/OITJM 

Another element essential for plant growth is calcium, and citrus trees 
contain relatively large amounts of it; in fact) about a third of the ash of 
citrus leaves is calcium. It is possible, how'evei’, that this amount of calcium is 
in excess of the actual requirements. Lime is calcium oxide, and all lime com- 
pounds are necessarily compounds of calcium. For many years limestone, 
marl, and various forms of “agricultural” lime have been used on acid soils 
to neutralize the acidity and thus make it possible for satisfactory field crops 
to be grown. It so happens that citeus trees grow well on somewhat acid soils, 
such as those in Florida and elsewhere. 

Effect of soil acidity on citrus trees. — ^Extended studies on this subject 
(Fudge, 1930) showed that the best tree conditions were to be found in the 
groves along the “ridge” in central Florida w'here the pH is below 6.0. On the 
east coast of Florida, however, where “the content of organic matter is much 
greater in this soil than in the ridge soils,” good tree conditions were found 
where the pH varied from 5.5 to 7.7 in the surface foot of soil. It has been 
found, subsequent to this study, that the application of nutritional sprays 
containing both zinc and manganese will make it possible for citrus trees in 
Florida to thrive in soils with a pH as high as 7.0 or 8.0. 

The acidity of the soil may have an indirect effect on the loss of essential 
elements such as magnesium (see “Magnesium,” p. 350). Even though citrus 
trees may have a wide range of adaptation to varying degrees of soil acidity, 
on certain soil types secondary effects may occur which may profitably be 
corrected by changing the pH of the soil. 

Effect of liming soils on zinc deficiency. — Liberal applications of ground 
limestone in Florida (Floyd, 1917) have been followed, in some orchards, by 
pronounced and persistent injury to the citrus trees by mottle-leaf or “french- 
ing.” The small supplies of zinc in the soil were rendered unavailable because 
of the reaction of the lime (see “Zinc,” p. 356). Modifications of the soil reac- 

' Data prepared by the National Fertilizer Association. 
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tion by applications of lime should be made with extreme caution and only 
when all the ramifications of the problem are understood. 

Of central Florida orchards, Fudge (1930, p. 6) says, “it is quite evident 
that the groves which have received sufficient lime to bring the hydrogen-ion 
concentration to pH 6.0 and higher have been seriously injured ; not merely by 
lessening the fruit production but also in a great many eases by causing the 
death of the trees. ... A point of interest in this connection is the fact that 
even after ten years time the ill effects of lime are still being observed.” It 
should be recalled, however, that these observations were made before the use 
of nutritional sprays containing zinc and manganese were known to be of 
value. 

Where a soil is so acid that a good cover crop cannot be grown, a moderate 
application of limestone may be of indirect benefit to citrus trees. The acidity 
of soils depends in large measure upon the amount of rainfall, with consequent 
leaching out of calcium compounds. Corroborative evidence is the fact that 
most river waters contain more calcium than any other single base ; in some, 
however, it is exceeded by sodium. 

Calcium in soils of arid regions . — The soils of arid regions, owing to the per- 
sistent lack of leaching, are eommonl 5 ' much richer in calcium than those of 
humid regions. Where irrigation is practiced, moreover, appreciable amounts 
of calcium are frequently present in the irrigation w'aters. Few citrus orchards 
in California are planted on naturally acid soils, and these are only mildly 
acid ; most of the orchards are on neiiti’al or slightly alkaline soils. 

In the arid Southwest, chlorosis or yellowing of the leaves and a general 
poor condition of citrus trees and of other fruit trees are sometimes associated 
with large amounts of calcium carbonate in the soil and subsoil. The term 
“lime-induced chlorosis” is now in general use to describe this subnormal con- 
dition of trees. But large amounts of calcium carbonate within the root zone 
of citrus trees do not always cause “lime-induced chlorosis.” In Florida, where 
some of the soils contain large amounts of lime but are also well drained and 
are subjected to heavy rainfall, the chlorosis is not marked. 

In some Florida orchards, relatively thin layers of acid soil overlie subsoils 
with a high calcium carbonate content, and the tree roots are especially well 
developed in the surface soil. In Arizona, where good subdrainage will permit 
the use of large applications of irrigation water by the basin system, much of 
the trouble is apparently avoided. Under both of these circumstances, the 
slowly soluble calcium is continuously being leached away. 

That lime is present in many California soils, in forms readily acted upon, 
is proved by the white coatings of calcium sulfate following applications of 
sulfates, such as sulfate of ammonia and sulfate of potash, even in soils that 
are practically free from calcium carbonate. These are examples of base 
exchange. Soils low in calcium carbonate may nevertheless contain calcium in 
readily replaceable forms, combined with silica and other compounds. The 
conversion of the calcium into gypsum causes the calcium to be more soluble 
in water and thereby more readily available to plants. Hence it is possible that 
applications of fertilizer may sometimes be indirectly as well as directly bene- 
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ficial. There is as yet no definite evidence to show that the application of lime 
as a nutrient has been of any direct benefit to citrus trees when they are grown 
in soil types in the arid regions of the United States. The calcium requirements 
of the trees, beyond the siipply that is commonly available in the various soils 
prevailing in these citrus-growing areas, seem genei’ally to be insignificant. 
The use of gypsum lias improved the physical condition of the soil, and espe- 
cially the permeability, where irrigation waters high in sodium content are 
used. The use of gypsum together with the persistent use of sodium nitrate 
fertilizer has also been advised, to prevent adverse physical effects on the soil 
caused bj’’ the sodium. 

Use of lime in humid regions. — ^In Florida, on the sandy soils, lime has been 
used for the purpose of adjusting the pH of the soil to a more favorable degree 
of acidity in order to conserve the magnesium, which would otherwise be lost 
by leaching. Applications of lime for this purpose should be made with a full 
knowledge of the initial condition of the soil and careful calculations of the 
amount necessary to make suitable corrections. Excessive applications may 
become exceedingly harmful. It is much safer to use dolomite. 

Calcium materials. — ^Limestone and marl are mainly calcium carbonate. 
Dolomite is a double carbonate of lime and magnesia. Gypsum is calcium sul- 
fate. Dolomite is commonly used in correcting excessive soil acidity and is 
especially valuable where signs of magnesium defieiency are evident. Dolomite 
is not water-soluble, but it has a neutralizing effect on acid soil comparable to 
that of ordinary limestone (Bear, 1942), and the magnesium content may 
become slowly available to the trees in the future. 

SULFUB 

When sulfur is applied to soils, it is oxidized by certain soil organisms into 
sulfuric acid, which in turn unites with the bases present to form sulfates. 
The organisms that oxidize sulfur are present in many soils (Haynes, 1928), 
including some that are strongly alkaline and unproductive; consequently, 
nothing is generally gained by using inoculated sulfur. After sulfur has been 
applied and mixed with the damp soil, white coatings of gypsum usually 
appear on the soil surface. 

Soil reaction to sulfur applications. — The oxidized sulfur in acid soils in- 
creases the acidity and in alkaline soils reduces the alkalinity. In some soils 
the addition of sulfur increases the amount of potassium soluble in water, 
although this effect seems to depend on the particular soil. 

Heavy applications of sulfur (Powers, 1927, p. 165) “resulted in increased 
soil acidity, wliich caused an increase in phosphate and iron content of the soil 
solution up to a certain point, after which bases dissolved or replaced tended 
to precipitate these two ions from the soil solution.” 

The theory that lime, gyp.sum, and sulfur, when applied to soils, liberate 
phosphorus and potassium cannot be accepted as generally demonstrable. 
Often there may be no such effect, and at times applications of these materials 
may decrease the water-soluble phosphorus and potassium. 

The effect of sulfur upon nitrification should be mentioned here. Although a 
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little sulfur stimulates nitrification, larger applications may not only depress 
it, hut may inhibit both nitrification and nitrogen fiixation. 

Use of sulfur in orchards. — Aside from its usefulness in correcting black 
alkali, it is questionable that sulfur is ordinarily of practical value in citrus 
orchards. Several trials in California showed negative results even where as 
much as forty pounds of sulfur had been applied for each tree. Sulfate of 
ammonia, sulfate of potash, and ordinary superphosphate all contain sulfur. 
In some regions lime-sulfur sprays and sulfur dusts are used annually for the 
control of thrips, and as a result of these practices a little sulfur reaches the 
soil. It should be mentioned that many of the irrigation waters, both from wells 
and mountain streams, contain sizable amounts of sulfur. The purchase and 
application of sulfur to orchards irrigated with such water might not only be 
a waste of money, but might also be positively harmful to the orchard. 

Sulfur in organic materials. — Sulfur is also added when organic materials 
are applied as fertilizers. For example, it has been found in Wisconsin (Hart 
and Peterson, 1911) that where farm manure has been applied in regular and 
fairly liberal quantities the sulfur content of the soil has been maintained 
and even increased. Analyses of alfalfa hay have shown from 0.118 to 0.558 
per cent sulfur; and of bean and cereal straws, from 0.106 to 0.218 per cent 
sulfur (Hart and Peterson, 1911 ; Reimer and Tartar, 1919 ; Hall, 1922) . 

Sulfur in rain water. — Sulfur is also contributed by the rainfall. At Rotham- 
sted, England, over a period of seven years, the average annual quantity in 
the rain water amounted to almost 7 pounds of sulfur per acre (Hall, 1905). 
According to Ames and Boltz (1916), Kossovich found that the amount of 
sulfur contributed by rain varied from 9 pounds per acre annually in the 
country to 72 pounds per acre near towns and industrial works. Determina- 
tions in several localities indicate, according to these authors, that 6 to 7 
pounds of sulfur per acre may be regarded as the average annual quantity 
brought down by rain in the United States. Such contributions from rain are 
relativelj’^ small, to be sure, but they are continuous. 

MAGNESIUM 

Magnesium is among the essential elements for plant food that are some- 
times applied as fertilizers. It is a constituent, of chlorophyll, the green color- 
ing matter of plants. Magnesium deficiency in the soils, especially the sandy 
sorts, of the Atlantic seaboard of the United States is a common occurrence. 
Annual plants differ (Sommer and Baxter, 1941) greatly in their tolerance 
to it. Tobacco, peanuts, and Crotalaria are among the annual plants that 
improve markedly as a result of magnesium fertilization. Crotalaria is an im- 
portant cover-crop plant in the southeast, especially in Florida citrus orchards. 

For nearly all the Florida soil types on which citrus crops are grown, fer- 
tilization with magnesium is a practical problem. The deficiency of this ele- 
ment has gradually become more general as fertilizers have been used which 
are freer from impurities, some of which were magnesium compounds. 

Symptoms of magnesium deficiency. — For some time before being definitely 
ascribed to lack of magnesium the symptoms of magnesium deficiency in citrus 




Fig. 122. Symptoni.s of inagncshiin deficiency on grapefruit leaves. (After Camp and 
Fudge, 1939. Courtesy of tlie Florida Agricultural JOxi)criinent Station and the National 
Fertilizer Association.) . . 







Fig. 123. Syini>tonis of zinc ileficiene.y on orange leaA'e.s and twigs. (After Camp and Fudge, 1939. 
Courtesy of tlic Florida Agricultural Experiment Station and the National Fertilizer Association.) 
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Fig. 124. Symptoms of copper deficiency on an orange twig. (After Camp and Fudge, 
1939. Courtesy of the Florida Agricultural Experiment Station and the National Fertilizer 
Association.) 
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Fig. 125. Symptoms of copper deficiency on an orange. (After Camp and Fudge, 1939. 
Courtesy of the Florida Agricultural Experiment Station and the National Fertilizer 
Association.) 
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trees were recognized only as a condition of malnutrition. The symptoms were 
locally known as “bronzing.” Irregular yellow blotches start along the midrib 
of leaves, especiallythose which are near the fruit, and eventually coalesce to 
form an irregular yellow band on each side of the midrib. Typical grapefruit 
foliage affected with magnesium deficiency is shown in figure 122. It has been 
shown that the symptoms of magnesium deficiency (Fudge, 1939) are associ- 
ated primarily with the translocation of magnesium from the older leaves to 
the developing fruit and also to the younger leaves. Wlien a large part of the 
leaf has turned color it may drop off. Magnesium deficiency aceentiiates 
damage from cold weather. Severely affected trees may become completely 
defoliated in early winter, the rate of defoliation being accentuated by cold 
weather. As a result, such trees bear fruit only in alternate years. The fruit 
of seedy varieties of both oranges and grapefruit normally contain more mag- 
nesium than those which are nearly or quite seedless ; a relatively large share 
of the magnesium is in the seed itself. Evidently the magnesium requirements 
of the fruit and seeds create a deficiency in the adjacent foliage. Here and 
there over the tree, clusters of leaves become more bronze in color than other 
parts of the foliage, as a result of their proximity to the fruit. Though definite 
fruit symptoms characteristic of this condition have not been described, the 
lack of a normal intake of magnesium causes a reduction in the total yield, 
the size, and especially the quality (see below). The fruit has a tendency to 
be weak and to break down in storage, has a coarser exterior appearance, and 
is less fully colored externally and internally. 

Magnesium deficiency and resistance to cold . — The effect of soil fertility 
upon resistance of both citrus trees and fruit to injury from cold has been 
observed in Florida (Lawless and Camp, 1940). In orchards fertilized so as 
to meet fully their nutritional requirements, trees and fruits were injured 
much less than in orchards that w'ere deficient in one or more of the nutritional 
elements. Injury resulted when magnesium was deficient (Lawless, 1941) even 
though the trees were well supplied with all other essential elements. Eecovery 
and return to normal production were especially slow in trees affected with 
magnesium deficiency. 

Magnesium and fruit quality . — Experiments conducted in Florida (Cowart 
and Steams, 1941) have shown that the composition of oranges has been ma- 
terially affected by deficiencies of copper, zinc, manganese, and magnesium. 
This is especially tme of magnesium deficiency; and applications of com- 
pounds containing magnesium have materially increased the quality of the 
fruit, as is evidenced by increase in acid, total solids, sugars, and vitamin-C 
content. The internal quality of grapefruit has also been improved by appli- 
cations of magnesium as a tree fertilizer (Cowart, 1942) in Florida. The 
improved fruit had a better flavor, a larger total of soluble solids, more sugar, 
and a higher vitamin-C content than frait from trees which were not fertilized 
with magnesium and which showed symptoms of magnesium deficiency. It is 
not evident, however, that any of the minor elements will improve fruit 
quality in general, unless specific symptoms are apparent and are corrected 
by the use of those elements. 
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Magnesium needs in various citi'us areas. — ^Magnesimn deficiency is not a 
serious problem of most of the citrus-growing areas in California since the 
soils are quite different from those of Florida. The impurities in the irrigation 
waters of California, Arizona, and Texas usually include appreciable amounts 
of magnesium. It seems improbable, therefore, that magnesium will he re- 
quired as a fertilizer material in these three states. 

Most of the light sandy soils of Florida, on the other hahdj are, under normal 
conditions, deficient in magnesium and in manganese, copper, and zinc (Peech, 
1939). The deficiencies are further aggravated by excessive leaching losses 
owing to heavj' rainfall and hy the use of acid-forming fertilizers. As a result, 
magnesium deficiency is general in Florida orchards on sandy soils which have 
a degree of acidity helow pH 5.0, or in less acid soils w’hich have an especially 
low magnesium level. The treatment generally practiced is to apply dolomitic 
limestone to increase the alkalinity of the soil and provide slowly available 
magnesium — usually enough to maintain the pH of the soil between 5.5 and 6.0. 
Dolomite may be added as a filler in mixed fertilizers. It is usually desirable 
also to add some soluble form such as magnesium sulfate. This may be in- 
cluded in tbe mixed fertilizers and thus save special applications. Magnesium 
compounds in solution applied as a spray are not effective ; the citrus-tree 
requirements are relatively large as compared with the amount that can be 
absorbed by the foliage. 

MINOR ELEMENTS ESSENTIAL FOR PLANT DEVELOPMENT 

For normal plant development, elements other than those discussed above 
are essential in small quantities only (McMurtrey and Robinson, 1938). In- 
cluded in the group are manganese, boron, copper, zinc, and molybdenum 
(Hoagland, 1941). They are usually classified as “minor,” trace, or rare ele- 
ments in the role of plant nutrition. None of these terms is entirely satisfac- 
tory, as they imply that the elements are relativelj’- unimportant or that their 
presence in crops and soils is infrequent. Both implications are essentially 
wrong. 

There is only a very small margin of safety between the small amounts of 
these elements that are needed in the soil or cultures for plant growth and 
the relatively small amount that is sufficient to cause a depressed growth rate 
or even toxic symptoms. A detailed consideration of all these minor elements 
will not be given. Only those employed in the fertilization of some citrus 
orchards, or used in nutritional sprays, will be discussed. 

The deficiency of boron in citrus-growing areas is exceedingly rare, although 
it has been reported (Morris, 1937 ; Morris, 1938) from Africa. On the con- 
trary, boron frequently exists in toxic amounts in the citrus orchards of Cali- 
fornia. Commonly, the excess is an impurity in irrigation water. (For further 
consideration of this subject see Vol. 1, chap, vii, pp. 748-750.) 

ziisro 

Extent of zinc deficiency. — Although insufficiency of zinc may occasionally 
be a problem with annual field crops, it is not commonly so, nor is it of eco- 
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nomic importance with cotton or vegetable crops in most of the production 
areas in North America. In some of the soils of Florida, deficiency of zinc for 
normal growth of corn and other field crops (Allison, Bryan, and Hunter, 
1927; Barnette, 1935; Barnette, Camp, Warner, and Gall, 1936) is an excep- 
tion to this general condition in the rest of the country. Zinc deficiency has 
been manifested as a condition of malnutrition in deciduous fruit orchards in 
many parts of the world. 

This condition of malnutrition has been called “rosette” of pecan and apple 
trees, mottle-leaf or “frenching” of citrus trees, “yellows” of walnuts, and 
“little-leaf” of grapevines, stone fruits, and other trees. Plantings of some of 
the above-mentioned tree crops in closely adjacent rows produced evidence 
(Haas, Batchelor, and Thomas, 1928) that all these diseases were due to a 
similar cause and were primarily a soil problem. 

The possible need of zinc as a nutritional requirement of tung trees, pecans, 
and oranges in Florida, and with peaches, apples, plums, walnuts, and oranges 
in California, and pecans in Arizona and other areas, was investigated by 
several research workers. Several investigators concurrently reported dis- 
tinctly beneficial results from zinc (Alben, Cole, and Lewis, 1932 ; Chandler, 
Hoagland, and Hibbard, 1932 and 1933 ; Mowry, 1933 ; Finch, 1933 ; Johnston, 
1933) upon the growth of the various species of trees under observation. The 
growth of the citrus trees was greatly stimulated and the mottle-leaf or 
“frenching” was cured by the use of zinc. Compounds of zinc were used as a 
spray, as soil applications, and by injections into the trees by means of holes 
bored in the trunks. Subsequently, more spray trials and soil applications 
were carried on by several investigators in both California and Florida (Camp, 
1934; Mowry and Camp, 1934; Parker, 1934), and by 1935 the use of zinc 
sprays for the cure of mottle-leaf had become widespread in citrus-growing 
areas. 

Zinc is commonly lacking in an available form in the soils of many of the 
citrus-producing areas of the world. The use of zinc is probably more impor- 
tant in most citrus areas than the use of any of the elements heretofore dis- 
cussed, with the exception of nitrogen. 

Symptoms of zinc deficiency . — The symptoms of mottle-leaf indicating zinc 
deficiency are readily distinguishable on mature citrus leaves. The normal 
green color of the leaves changes to yellowish green between the lateral veins, 
in contrast to the dark green color along the midrib and adjacent to the lateral 
veins. In extreme attacks the yellowish green coloration will become pale yel- 
low. The leaves are narrow and subnormal in size, their growth is bunchy, 
and they tend to stand erect. The last cycle of growth in the autumn is 
likely to be more severely alfected than the preceding cycles of the same sea- 
son. Typical symptoms of zinc deficiency on orange leaves and twigs are shown 
in figure 123. 

As the symptoms of zinc deficiency increase in intensity, the twigs and 
small branches die prematurely so that a tree thus affected has a noticeable 
amount of dead wood in it, as is shown in figure 126. The yields of affected 
orange and grapefruit trees are subnormal, and the fruit is smaller, thicker- 
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Fig. 126. Mature lemon tree showing general zinc-deficiency symptoms, with large 
amount of dead wood throughout the tree. (Photographed by E. R. Parker. Courtesy 
of the California Agricultural Experiment Station.) 


skinned, and of poor quality; these differences are shown in figure 127, which 
pictures fruit grown in California. In Florida, internal fruit quality is affected 
as in California, but the exterior appearance is characterized by especially 
small, light-colored oranges with a smooth, thin skin. 

Treatment of zinc deficiency . — ^Applications of zinc to the soil may soon 
become ineffective as fertilizer, owing to the formation of insoluble compounds. 
This is especially true in California and Texas, where the soils have a great 
deal more clay than the Florida soils. A means of avoiding the change of zinc 
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Fig. 127. Typical abnormal grapefruit produced on tree affected with zinc 
doflciency. The two fruits at the bottom are from trees that were si)rayed with 
a mixture of zinc sulfate and hydrated lime at blooming time. The other fruits 
are from comparable untreated trees. The two fruits at the top were produced 
on branches exhibiting extreme symptoms. (After Parker, 1937. Courtesy of 
the California Agricultural Experiment Station.) 

to an unavailable state is to concentrate the applications within small areas. 
Some trees affected with mottle-leaf have been cured in this way, but in Cali- 
fornia many have been severely in.iured. In Florida, some excellent recoveries 
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have been made by mottled trees after small applications of zinc sulfate to the 
soil (Camp, 1934) . The method most commonly used to correct zinc deficiency 
is to spray the trees with a dilute suspension of some zinc compound, as the 
minute amounts absorbed by the foliage suffice to counteract the deficiency. 
Zinc sulfate neutralized with hydrated lime or lime sulfur is commonly used 
in Florida ; zinc sulfate with lime or soda ash, or a zinc oxide, in California 
and other areas. Concentrations of 2% pounds of zinc sulfate and pounds 
of soda ash to 100 gallons of water have been satisfactory for spraying moder- 
ately affected trees. A light mist spray over the outside foliage is aU that is 
necessary. This may he applied rapidly and economically with a boom spray 
attachment such as is used in spraying for citrus thrips. Trees sprayed every 
two or three years usually absorb enough zinc to keep them practically free 
from mottle-leaf, in California. In orchards normally subject to mottle-leaf 
it is not advisable to wait until symptoms reappear before repeating the 
sprajdng. Under such conditions, annual spraying should be part of the fer- 
tilizer program. In Florida, it has been found advisable to apply an annual 
nutritional zinc spray. COPPEB 

Most agricultural soils probably contain small amounts of copper, so far as 
may be judged from the few studies (Manns and KusseU, 1935 ; Peech, 1939; 
Peech, 1941; Sedletsky and Ivanov, 1941; Vinogradov, 1940) that have been 
made. 

Effect of copper on plants. — It is certain that annual plants have been bene- 
fited by applications of copper to the soil. The applications have cured some 
plants with definite symptoms of malformation and have greatly increased 
the yields of apparently healthy plants. Benefits have been especially note- 
worthy where the crops were growing on sandy soils, muck soils, and so-caUed 
heath and moorland soils. Certain counties in Florida produce pasture grass 
so markedly deficient in both iron and copper that cattle feeding on it do not 
mature normally (Becker, Neal, and Shealy, 1931) . 

The growth .symptoms of citrus trees indicating copper deficiency have been 
recognized in most of the countries where citrus is grown. The abnormal condi- 
tion was called by various names before its relationship to copper deficiency 
was known; most commonly, “dieback” or “exanthema." The trouble was 
recognized as early as 1875 in Florida, and successful treatments with copper 
sprays were reported (Floyd, 1914) several decades later. The success of soil 
treatments (Grossenbacher, 1916) with copper sulfate soon followed. Kesearch 
on several minor elements by various investigators during the past decade 
has added appreciably to one understanding of copper deficiency. 

Symptoms of copper deficiency. — Trees affected by copper deficiency may 
produce vigorous gro^vth of succulent, angular twigs that are too weak to 
stand in a normal, erect position. Sagging at the tips gives them an S-shaped 
appearance. Their terminal growth dies prematurely, and then the lower 
lateral buds send out short twigs which in turn are short-lived. The final result 
is an abnormal number of short, dead twigs bunched irregularly over the 
periphery of the tree, as is shown in figure 128. This dense bushy growth 
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produced by the development of multiple buds may be accompanied by gum 
pockets between the bark and the wood, at or near the leaf node. The effect 
of copper deficiency on a' single orange twig is shown in figure 124, above. 



Kg. 128. Youag orange tree affected with acute copper deficiency. (After Camp 
and Fudge, 1939. Courtesy of the Florida Agricultural Experiment Station.) 


Some of the fruit of affected trees is usually marked irregularly with red- 
dii^ brown blotches that finally turn dark brown or nearly black on mature 
fruit, as shown in figure 125, above. Such fruits are of inferior quality be- 
cause they are insipid and have a less than normal amount of juice. In 
fruits acutely affected, gum pockets are formed at the center in the angles 
of the segments, and in the rind. Splitting of the fruit is also a common char- 
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acteristic.' In Florida it has been observed that fruit and foliage of trees 
affected with both copper and zinc deficiencies were more susceptible than 
normal trees to injury from cold (Lawless, 1941). 

Cause of copper deficiency. — Copper deficiency has been studied more inten- 
sively in Florida (Camp and Fudge, 1939) than in any other citrus-growing 
region of this country. It is believed to be associated with acid and sandy soils 
in which the copper content is less than normal as a result of losses from 
leaching. Factors that accentuate such leaching losses are low pH and lack of 
cover crop during the rainy season. In Florida, the deficiency has commonly 
been associated with the use of large applications of ammonia or other nitrog- 
enous fertilizers; and- for this reason the typical symptoms, on the fruit 
especially, have been termed “ammoniated fruit.” In California, the connec- 
tion between copper deficiency and the use of any particular fertilizer has 
not been apparent. 

There is some evidence that the formation of insoluble copper compounds 
in the light, acid soils of Florida (Peech, 1941) may be the cause of copper 
deficiency. The indiscriminate use of lime has been a factor in rendering 
unavailable both copper and zinc. Where the use of lime has been excessive, 
citrus trees respond to moderate soil applications of copper sulfate. More 
recent studies (Jamison, 1942) have shown that much of the copper is retained 
in slowly soluble or slowly replaceable forms, and apparently a small con- 
tinuous supply in the soil may be more important than the amount of copper 
that is easily replaceable. An ordinary soil application of copper sulfate would 
no doubt be extremely harmful to citrus trees, were it not for its fixation by 
the soil. 

Treatment of copper deficiency. — Trees growing in the sandier soils of 
Florida have been cured by soil applications amounting to as little as 
pound to 2 pounds of copper sulfate per tree (Camp and Pudge, 1939). The 
application of sprays of bordeaux mixture* may occasionally be a safer and 
more practical means of curing the trouble. This latter method is the only 
safe and practical one in common use in California. In this state there are 
many lemon and orange orchards in which the lower branches of the trees 
are periodically sprayed with bordeaux mixture to prevent bro^vn rot of 
the fruit. This may be one of the reasons why copper deficiency is not a serious 
problem in California. Trees sprayed with copper solutions or those which 
have been treated with copper in the soil are liable to severe injury by sub- 
sequent fumigation with hydrocyanic acid gas, which is the common means 
of controlling several scale insects in California. There should be an interval 
of several months between a spraying with copper solutions and a fumigation. 
Obviously, copper should not be included in a mixed fertilizer sold for use in 
California, but should be used in the most effecth^e manner practicable if 
deficiency symptoms are evident, and with full consideration of plans for 
orchard fumigation. 

In Florida, where fumigation is not used as a means of insect control, it is 
becoming a common practice to apply mixed fertilizers containing water- 

’ Only moderate-strength bordeaux is necessary, such as 6-4-^100. 
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soluble copper. Where melanose or scab control is desirable, a copper spray 
for nutritional pui-poses may profitably be applied in combination with zinc. 

MANGANESE 

“The amount of manganese found in soils is exceedingly variable, the range 
in surface soils of the United States being from less than 0.001 per cent to 1.27 
per cent, while some tropical soils contain as much as 15 per cent” (Jacks and 
Scherbatoff, 1940). 

There are many references in various parts of the world to manganese- 
deficiency symptoms appearing on annual and tree crops. Although man- 
ganese is an essential element for plant growth, it may occur in some soils in 
toxic amounts, like boron and copper. There is only a small margin between 
a deficiencj’^ and an excess of these elements. Excess of manganese has been 
reported in some of the citrus orchards of South Africa (Van der Merwe and 
Andersen, 1937). 

Symptoms of manganese deficiency. — The symptoms of manganese defi- 
ciency of citrus trees do not have a common name, although the terms “marl 
frenching” and “marl chlorosis” have been used (Camp and Pudge, 1939) in 
Florida. These, however, generally described a condition of combined manga- 
nese and zinc deficiency which could not be cured unless both elements were 
applied. Manganese deficiency not in association with zinc deficiency has been 
observed in California (Parker, Southwick, and Chapman, 1940), and affected 
trees have responded to applications of manganese alone. Young leaves show 
a network of dark green veins on lighter green background. Various degrees 
of the deficiency symptoms on orange leaves are shown in figure 129. A large 
number of the leaves may be affected as badly as the most severely affected 
leaf shown in this illustration ; on lemon leaves especiallj^ the effects may be 
acute. The general symptoms of mild attacks are similar to those of zinc 
deficiency, but usually not so distinct, and, unlike zinc, the manganese defi- 
ciency is not usually associated with narrow and subnoi-mal-size leaves. A 
typical cluster of lemon leaves affected with manganese deficiency is shown 
in figure 130. There are no fruit characteristics obsen'ed universally that 
typify this deficiency; a reduction in yields maj' result in mild to extreme 
cases. There are in California, on the other hand, many orchards in a very 
high state of production in which indications of manganese deficiency may 
usually be observed, to a small extent. 

Cause of manganese deficiency, and treatment. — Manganese deficiency is 
often associated with soils which are high in native calcium content, or to 
which heavy applications of lime have been made, or w'ith soils that are alka- 
line. Some of the soils of Florida, where this trouble is associated with marl, 
are definitelj’- alkaline (Camp and Peech, 1939) . Manganese exists in them in 
an unavailable form. In acid, sandy soils the deficiency is probably caused by 
prolonged losses of manganese by leaching, especially in areas of high rainfall. 

Treatments by sprays of manganese sulfate neutralized with lime, as well 
as soil treatments of manganese sulfate, have been used successfully in Florida. 
Mixed fertilizers, with water-soluble manganese added, are procurable by the 
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Fig. 129. Manganese deficiency of orange foliage, of various degrees of severity. 
(Photographed by H. D. Chapman. Courtesy of the California Agricultural Experi- 
ment Station.) 
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Florida orehardist. Possibly the practices in that state are to depend more 
on soil applications and less on sprays than formerly, since scale insects 
increase with abnormal rapidity on trees sprayed with manganese or zinc. 
Manganese sprays are therefore limited primarily to trees on alkaline soils 
where soil applications are unsatisfactory. Mixed fertilizers containing nitro- 
gen, phosphorus, potassium, magnesium, manganese, and copper are now 



Pig. 130. Lemon foliage affected with manganese deficiency. (Photographed by E. B. Parker. 

Courtesy of the California Agricultural Experiment Station.) 

obtainable in Florida, and are commonly used in conjunction with a zinc- 
copper spray to produce the most favorable nutritional conditions. Treatments 
in California have commonly consisted of spraying with manganese sulfate 
neutralized with either soda ash' or lime. But spraying with manganese should 
not be followed immediately by fumigation, since the trees may be injured 
by hydrocyanic acid gas. If one cycle of growth has been produced on the trees 
after the spraying, the fumigation may be done with less likelihood of foliage 
injury. 

' A 3-l%-100 spray applied two years in succession may be more effective than a stronger 
spray applied only once. 
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MINOB ELEMENTS IN RELATION TO RESISTANCE TO COLD 

One of the most striking effects of a deficiency of any of the minor elements 
just discussed — and of magnesium, also — ^is a lessening of the resistance of 
citrus trees and fruit to cold (Lawless and Camp, 1940). The two freezes in 
Florida in 1940 gave vivid demonstrations of what occurs. In comparable plots 
at the Florida Citrus Experiment Station (Lawless, 1941) trees that were 
fertilized with ample amounts of nitrogen, phosphate, and potash were much 
more severely injured by the cold than trees that received this same basic 
fertilizer application plus magnesium, zinc, copper, and manganese. Table 30, 


TABLE 30 

Eptect or Nuthitional Conditions on Cold Injury in Pineapple Oranges* 


Treatment 

Injury j 

Production in 1640-41 follow- 
ing January, 1940, freeze 

Fruit 

damage 


Fruit of 
No. 1 
and No. 2 
grade 

Total fruit 
tree 


per cent 

per cent 

per cent 

pounds 

N-P-K 

94 

89 

45 

160 

N-P-K-(-Zn+Cu 

79 

76 

8S 

166 

N-P-K+Zn-t-Cu4-Mn 

S4 ' 

71 

81 

179 

N-P-K+Mg 

91 

69 

71 

258 

N-P-K -t-Zn-(-Cu-t-Mn-|-Mg 

95 

30 

88 

327 


* Summarized from Lawless, 1941, tables 2 and 4. 


taken from a summary of these observations (Lawless, 1941), shows that the 
trees receiving all the minor elements, and therefore in a healthy and normal 
condition at tlie time of the freezes, also recovered more rapidly the next year. 
It seems apparent from these data that no one minor element alone increases 
the resistance to cold, but that when all three — ^zinc, copper, and manganese — 
are used, plus magnesium, a striking increase results. 

FERTILIZERS IN RELATION TO QUALITY (GRADE) 

AND SIZE OF FRUIT 

GENERAL CONSIDERATIONS 

General consideration of fruit quality usually includes the external char- 
acteristics, such as smoothness or texture of the skin and freedom from blem- 
ishes, as well as the internal, such as thickness of skin and the eating qualities 
of the fruit. The eating qualities may be expressed with great exactness by 
stating the results of determinations of total sugar, total acid, the sugar-to-acid 
ratio, total soluble solids, and the like. The vitamin-C content is also important 
in determining the food value of the fruit. There can be no doubt that soil 
character affects the quality of fruits. Citrus is no exception to this general 
rule. To relate these differences to definite chemical elements which may be 
included in fertilizers is a difficult and complicated problem. 
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The quality of the fruit grown on an infertile soil is apt to be much more 
affected by fertilizers than the quality of the fruit gromi on a relatively fer- 
, tile soil. Certain elements of available plant food may be so deficient in an 
infertile soil as to produce unhealthy and abnormal tree conditions commonly 
associated with fruit of subiiormal quality. Lack of a suflScient amount of 
nitrogen may be an exception to this general statement. Trees lacking nitrogen 
are commonly observed to produce very nearly a crop failure, so far as quan- 
tity is concerned, but nevertheless the fruit produced is notably smooth, thin- 
skinned, and of good quality. Applying fertilizer to a relatively fertile soil 
may be merely adding to the supply of essential elements, most of which are 
already pi’esent in abundance. Only when large doses of simple fertilizers 
are used separately can observations be made of their respective effects on 
quality. Studies have been made of the common elements of fertilizers such 
as nitrogen, phosphorus, and potassium. 

EPPECT OF COMMOjSTLY USED FERTILIZERS ON QUALITY 

Nitrogen, phosphorus, and potassium . — Some statements on the effects of 
nitrogen, phosphorus, and potassium on the quality of citrus fruit have been 
based on casual field observations, and a few have been dependent upon defi- 
nite chemical analyses of the fruit. (For a review of the latter see Vol. 1, chap, 
vii, p. 764.) In general, it may be said that the applications of normal amounts 
of nitrogen, phosphate, and potash have not made very striking effects on the 
quality of the fruit, if one judges by the chemical analyses. 

The effect of several different commercial fertilizers on the commercial 
quality of navel oranges in California was reported by Booth (1930) for fiv6 
consecutive years. The fertilizers used separately in this experiment were 
tankage, sulfate of ammonia, cottonseed meal, a mixed fertilizer, and dairy 
manure. The fruit characteristics observed were size, commercial grade, and 
keeping qualities after grading, packing, and transportation to eastern mar- 
kets under normal commercial conditions. The fertilizer materials had been 
applied in relatively liberal amounts for ten consecutive years before the 
observations were made. 

The experiments were conducted on a Hanford gravelly loam, a soil type 
commonly used for citrus in California. It may safely be concluded from the 
data presented that these widely divergent fertilizer treatments did not make 
a significant difference in the size, commercial grade, or keeping quality of 
the fruit. The use of sulfate of ammonia, and also of cottonseed meal, did 
produce, on an average, slightly larger fruit than the other fertilizers. It is 
possible that the small size differences of less than 7 per cent can be attributed 
to casual variation of the trees and soil rather than to the effect of the fer- 
tilizers. 

Low-nitrogen fertilization of Arizona grapefruit in the summertime (Mar- 
tin, 1940) was associated with an increased proportion of smooth-textured 
fruit of superior market grades. Subsequent studies (Martin, 1942) showed 
that grapefruit trees having a high nitrogen nutrition throughout the year, 
and consequently a relatively high nitrogen analysis of the foliage in the fall. 
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•were found to be less sweet, to color later, to be thicker-skinned and less well- 
shaped, as well as of a lower market grade, than fruit from trees having, a 
declining nitrogen content through the latter part of the period of fruit 
growth and maturity. Later studies (Jones et at., 1944) showed a relatively 
high (0.91) negative correlation between the nitrogen and ascorbic acid con- 
tent of the juice of the grapefruit. It was concluded that the fruit from trees 
with a low nitrogen content produced fruit with 20 to 25 per cent more vitamin 
C than fruit from trees of a high nitrogen content. 

Phosphate and potash, used in addition to a basic fertilizer treatment of 
farm manure, improved the commercial quality of grapefruit (Kinnison and 
Albert, 1936) in Arizona. The soil on which the experimental plots were laid 
out was high in calcium and low in available phosphorus. 

A high potassium content of oranges was correlated with a thick rind and 
a high acid content (Anderssen, 1937) ; but a high phosphorus content was 
correlated with a thin rind and a low acid content. High nitrogen was corre- 
lated with high sugar content. 

Magnesium . — Perhaps magnesium deficiency has had a more profound 
effect upon the internal quality of citrus fruit than any other essential element 
commonly used in fertilizers. A comparison of grapefruit grown on trees 
affected with magnesium deficiency with fruit from trees well supplied with 
this element (Cowart, 1942) showed that a lowering of the components that 
mainly affect internal fruit quality was associated with magnesium deficiency. 
The difference between such lots of fruit was detectable by taste. From chemi- 
cal analysis it was also determined that the trees which had been treated with 
magnesium and had recovered from deficiency symptoms produced fruit 
higher in total soluble solids, total sugars, and vitamin C than trees affected 
with magnesium deficiency. 

EFFECT OF MINOB ELEMENTS ON QUALITY 

Some of the most marked effects on citrus fruit quality have borne a relation 
to such minor elements as zinc, copper, and mangairese. Applications of these 
elements have resulted in material increases (Co'wart and Steams, 1941) in 
acid, total solids, sugars, and vitamin-C content of the fruit, in comparison 
with fruit from trees fertilized only with nitrogen, phosphate, and potash. 
These differences were less, however, when magnesium was also added to the 
nitrogen, phosphate, and potash fertilizer applications. The subnormal condi- 
tions of quality have been clearly associated with the leaf symptoms of the 
respective deficiencies in the minor elements. 

Experiments in California (Parker, 1937) shoAved that the commercial 
quality of grapefruit was noticeably poorer on trees affected with zinc defi- 
ciency than on trees sprayed with a zinc spray at the time of the bloom which 
produced the fruit. The sprayed trees also produced a greater quantity of 
uniformly larger fruit than the unsprayed trees. A summary of this work is 
shown in table 31 (from Parker, 1937). Extreme zinc deficiency (mottle-leaf) 
may account for extremely small fruit, as well as other abnormalities such as 
normal-size fruit with very thick skin and nearly devoid of juice. Typical 
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abnormalities are illustrated in figure 127. In the fruits shown, there was no 
other minor-element deficiency of consequence to complicate the comparisons. 

EFFECT OF FERTILIZEBS ON SIZE OF FRUIT 

Nitrogen probably has a greater effect on the size of citrus fruits than any 
of the other ordinary ingredients of fertilizers. There are indications that 
young fruits grow more rapidly on trees that are well supplied with available 


TABLE 31 

Effect of Zinc Tbeatiient of Gsapefruit Trees in March, 
1934, ON THE 1934r-35 Crop* 


Treatment 

Total 
number of 
trees 

Weight 
of fruit 
per tree 

Fruit of Fancy 
and Choice 
grade per tree 

Number of 
fruits per 
field box 

Untreated 

402 

pounds 

341 

mm 

06 

Zinc-treated 

649 

409 


63 

Percentage: 





difference when untreated ~ 100 


+20 

+52 

-5 


* Data from Parker. 1037. p. 38. 


TABLE 32 

Effect of Annual Conditions on Quantity, Commercial Quality (Grade), 
AND Fruit Size of Washington Navel Oranges* 


Observations 

1929 

1930 

1931 

1032 

1933 

Average yield per tree, pounds 

59 

124 

104 

06 

81 

Percentage in Fancy grades 

Percentage of desirable commercial sises (220 per packed 

70 

94 

61 

72 

72 

box or larger) 

70 

38 

40 

34 

50 


' Condensed from Parker and Batchelor, 1942, pp. 29 — 31. 


nitrogen. In California, applications of nitrogenous fertilizers have been made 
in the fall, with the idea of increasing the size of the fruit. Often, only a little 
of this nitrogen reached the root zone until enough rain fell to carry it down. 
(See p. 336, above.) Many growers in California believe that rains are espe- 
cially effective in increasing the size of citrus fruits, and possibly one factor 
here is the movement of nitrates from the surface soil into the root zone. Cer- 
tainly the fruit grows appreciably after rains, but we do not know just what 
would have happened to the fruit in a particular district had there been no 
rain. Soil moisture plays an important part in the size of citrus fruit ; very 
small oranges have been associated with a lack of both moisture and nitrate 
in the root zone of the trees. 

The volume of the crop also has an effect on the size of the fruits. Overloaded 
trees, especially mature ones, rarely produce large fruits. Young trees usually 
bear larger fruits than old trees. And fruits are larger in some seasons than 
in others. It is commonly observed that some seasons are characterized by fruit 
smaller than normal, and others by fruit larger than normal. These variations 
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in size are not necessarily correlated, to any marked degree, ■witli fluctna- 
tions in the total number of fruits produced per tree. Apparently some other, 
intangible, climatic factor exists which has a notable effect on fruit size. Table 
32 presents size data of Washington Navel oranges produced in California 
(Parker and Batchelor, 1942), showing the effect of season upon quantity, 
commercial quality (grade), and size of oranges. The trees had been con- 
sistently fertilized in the same way for several years. It is apparent that, with 
only relatively small fluctuations in weight of fruit produced per tree, there 
have been notable seasonal variations in the commercial quality of the oranges, 
as well as in their size. Such changes may mask results of fertilizer trials con- 
ducted for the purpose of determining the effect on fruit size and quality. 

TIME AND METHODS OP APPLYING FERTILIZERS 
MANTJEES AND BULKY OEOANIC FEETILIZERS 

It is frequently asked whether animal manures should be applied fresh to 
citrus groves or whether they should first be composted. Growers ordinarily 
have no way to store manures except in piles in the open air. As the manure 
rots, great losses of nitrogen and organic matter usually occur. After the 
maximum original loss of total nitrogen by decomposition, the remaining 50 
to 60 per cent of the total nitrogen is available only at a relatively slow rate. 
In other words, the most readily available part of the nitrogen, and of other 
constituents of the manure, is lost first. Whatever the respective merits of 
fresh and rotted manure, ton for ton, may be, trials based upon the origmal 
fresh weights have shown that plants have made much better growth with 
applications of fresh manure than with applications of rotted. 

For manure to be most beneficial to citrus trees, it should be w'orked into 
the soil as soon as is practicable after application. If, however, the manure 
remains very dry there is very little loss. 

It is generally thought that a good supplj"- of available nitrogen in the soil 
is especially desirable in the spring, both for citrus and for other fruit trees. 
At this season, with the production of bloom, the growth processes of trees 
are particularly active. Furthermore, rdgorous, healthy trees, if well supplied 
with nitrogen, tend not only to set relatively large crops, but also to hold the 
fruit relatively well during adverse climatic conditions. The soil may contain 
little available nitrogen in the spring, especially if a winter cover crop has 
been grown. A heavy spring application of ordinary manure, or of other 
organic material low in nitrogen, may render nitrogen unavailable to the trees 
at this time of the year. Where a large amount of nitrate exists in the soil, 
however, the time of applying manure may be of little moment. 

In the southwestern part of the United States the navel orange tree is 
especially susceptible to a dropping of the young fruit, termed “June drop,” 
which is increased by a deficiency of nitrates. The drop may take a heavy toll, 
especially when abnormally hot weather occurs soon after the blooming period. 
Hence it may not be desirable to apply low'-grade bulky fertilizers in large 
quantities from the last of January until after this period of “June drop” 
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(Vaile, 1922). In California, probably the best time to apply bulky organic 
materials that are slowly available is in the late fall or early winter. Should 
there be any influence on the maturity of citrus fruits by rendering nitrogen 
unavailable, the effect then should be to hasten rather than to delay maturity. 
Furthermore, the price of mamu'e may be lower in the summer and early fall 
than in the winter and spring, and the moisture content is apt to be much less, 
so that more actual manure is obtained when it is purchased by the ton. Wliere 
winter cover crops are grown, the manure can be applied and worked into the 
soil before the cover-crop seed is sown. If nitrogen in the soil is thereby ren- 
dered unavailable, it is possible thatlegiuninous cover crops may be stimulated 
to obtain more nitrogen from the air than they otherwise would. 

NITBOGBN 

Nitrate nitrogen moves readil.v through the soil in the soil moisture; hence 
the most desirable method and season of aj>plieation may vai-y greatly, de- 
pending on the rainfall and soil conditions. In the most extreme arid regions 
special methods of irrigation may have to be followed in order to promote the 
movement of nitrates into the citrus root zone. In humid sections special 
precautions in application may have to be taken to avoid excessive loss of 
nitrates by leaching. No universal rule for season or method of application 
can be stated. The application of nitrate salts especially should be timed with’ 
due consideration for the seasonal grotvth of the trees, the character of the soil 
drainage, the irrigation practice customarily employed, and the probable 
rainfall. 

Nitrogen in arid regions . — In arid-region orchards that are irrigated in 
furrows, and in the absence of rain of any consequence, nitrates tend to accu- 
mulate ill the surface soil. Consequently, where there are almost no summer 
rains there may be large surface accumulations of nitrates in heavily fertilized 
groves. The nitrate is carried into the root zone by the first rain of consequence. 
A good rain is then equivalent to a good fertilization with available nitrogen. 

"Where the soils are relatively impervious at shallow doiiths, the clanger 
that the nitrates will be leached below the root zone is reduced to a minimum 
during years of nonnal rainfall, especially in groves where furrow irrigation 
is practiced. Under California conditions, commercial fertilizers may safely 
be applied in the late winter to get the benefit of the rains in moving the 
nitrates into the root zone. 

Some California lemon growers make an early spring application of nitro- 
gen fertilizer, followed by one or more aiiplications in late spring and early 
summer, perhaps because it has been thought desirable to maintain a uniform 
supply of available nitrogen in the soil throughout the year. No experiments 
under field conditions have sustained such a belief. On the contrary, there are 
many good orange groves in California in which the nitrates fall to a low level 
while winter cover crops are growing, and which are fertilized only once a year. 

Twelve years of fertilizer trials Avith Washington Navel oranges at the 
University of California Citrus Experiment Station (Parker mid Batchelor, 
1942) have failed to show any significant difference between applying nitrate 
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of lime once a year as compared with applying it three times a year. The same 
total amount was applied in hoth programs, and in such a way as to promote 
immediate penetration into the root zone. 

In groves well fertilized annually where there is little probability of loss of 
plant food by leaching, it is questionable if the season of application is of 
much consequence. 

Nitrogen in humid regions . — Soil and climate in so humid a region as 
Florida combine to make natural conditions conducive to loss of nitrate nitro- 
gen by leaching. The light sandy soils and persistent summer rains make the 
loss one of the most important of aU considerations in the economical fertiliz- 
ing of citrus trees. The experience of many orchardists has justified applying 
nitrogen several times a year in Florida. Probably most of the orchards are 
fertilized three times a year — ^in spring, summer, and fall. 

PHOSPHATE AND POTASH 

Phosphate and potash, particularly phosphate, are not so readily leached, 
even from sandy soils, as nitrogen ; and in some soils it is difficult to get these 
fertilizers into the root zone. Their application should therefore be timed so as 
to take full advantage of rains. On the other hand, soluble phosphates may soon 
revert to less soluble forms, and potash may be fixed by base exchange. Com- 
paratively little phosphate and potash are used in California citrus orchards. 
Where they are used, they may be applied once a year in mixed fertilizer. Phos- 
phate is occasionally applied in the form of ammonium phosphate. 

The common practice in Florida is to use phosphate and potash in mixed 
fertilizers in three applications a year. Such mixed fertilizers may have a 
3-6-8 or a 4^6-8 ratio of nitrogen, phosphate, and potash. When magnesium, 
manganese, and copper are included in the mixture, the ratio of these six 
constituejits, in order of their mention above, may be 4:-6-8-2 -1-^/^. If this 
is combined with copper-zinc spray, plus dolomite when necessary (see “Cal- 
cium,” p. 347, and “Magnesium,” p. 351), the orchard will receive a fertiliza- 
tion favorable to general good maintenance. 

METHODS OP APPLICATION 

Concentrates . — The methods of applying concentrated fertilizers to obtain 
maximum benefit depend chiefly upon soil and climatic conditions. In an 
orchard of 3 " 0 ung trees it is not necessar 5 " to fertilize the ground bejmnd the 
spread of the roots, but in the older orchards practicallj* all the soil should be 
fertilized, as the roots of older trees are commonly' found below the entire sur- 
face area. Concentrated materials are usualh' worked into the surface soil bj^ 
disking. If they are used in the dry season, in orchards irrigated in furrows, 
they should be applied onlj’ in the irrigation furrows, since any of the fer- 
tilizer not actuallj'^ covered bj^ the irrigation water will not be carried into the 
root zone until rainfall occurs. Nitrates are readily moved by water, but 
ammonia is likely to be fixed by clayey soils so that water will not move it 
below the surface soil until it has nitrified. This applies in California and 
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othei’ areas where there is a relatively large amount of fine material in the 
soil ; it is not so applicable to the extremel 3 ' saiidj’' soils of Florida. 

When sulfate of ammonia or ammonium phosphate is used in the rainless 
season on heavy soils, and in iri-igated orchards, it should be applied only in 
the irrigation furrows and the water should be run at least twice in the same 
furrows, with an interval of several weeks between irrigations. The first irri- 
gation supplies moisture, which is requisite for nitrification, and moves the 
ammonia into the surface soil. Later irrigations cany some of the resulting 
nitrates doivn. Some growers malce a practice of dissolving nitrates and am- 
monia compounds in the irrigation water, and with proper equipment this 
maj’^ be a very economical method of applying fertilizer. 

The improper spreading of soluble fertilizers and soil amendments, or other 
materials such as zinc sulfate, often results in localized concentrations. Injury 
or death of citrus trees may follow although no excess of fertilizer has been 
applied ; it was not properly distributed. 

Bulky materials incorporated in soil. — ^.tVnimal manures and other bulky 
organic materials may be spread broadcast and disked or plowed under. This 
method of application has the apparent advaiitage of enriching all or most 
of the area of the root sj’stem, and there is a likelihood of improvement of the 
physical condition of a correspondingly large area of soil. 

Dairy manure is sometimes applied in trenches 10 to 12 inches deep. This 
practice is not so prevalent now as formerly, and trials condircted over twelve 
years (Parker and Batchelor, 1942) have shown that it is not so effective a 
method of application as spreading manure broadcast. 

Midches. — Mulches of various organic materials have been tried in citrus 
groves (Vaile, 1922) in connection with basin as well as furrorv irrigation. 
Mulches of both alfalfa hay and of grain straw were used for five years in 
an experiment conducted at Arlington, California, by the California Citrus 
Experiment Station. The mulched plots received no cultivation, but the 
grain-straw plots required considerable hand labor owing to the growth of 
grain and weeds. The yields of oranges were relatively good, but mottle-leaf 
gradually increased. At the end of the five-j’ear period the trees on all the 
mulched plots were so badly mottled that this method of culture was judged 
a failure. At best, mulching is wasteful of materials because of losses of nitro- 
gen during decomposition, owing to the formation of volatile substances such 
as carbonate of ammonia. In dry weather the use of mulches is a fire hazard. 
Gophers and field mice may do much damage to the trees in mulched areas 
(see chaj). xvi). In California some citrus trees are known to have been mulched 
for years with fair results. On the other hand, many trials with so-called 
permanent mulches have been given up. The results from using mulches wilt 
no doubt vary with the material used. There may be materials that could be 
used with benefit if there were practical means of overcoming the difficulties 
noted above. 

PURCHASE OP FERTILIZERS 

The prices of commercial fertilizers depend both upon the kind of material 
and upon its constituents as indicated by chemical analysis. Commercial fer- 
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tilizers are usually sold on irliat is termed the “unit” basis, the unit being 1 
per cent of a ton ; each unit therefore consists of 20 pounds. Thus, vrith sulfate 
of ammonia analyzing 20 i^er cent nitrogen at $40 a ton, the nitrogen would 
cost $2 per unit ; with dried blood analyzing 13 per cent nitrogen at $39 per ton, 
the cost of the nitrogen would be $3 per unit. Some growers also buy animal 
manures on the unit basis. Manure containing 1 per cent nitrogen and 40 
per cent organic matter .sold at a rate of $3 per unit of nitrogen and 3 cents 
per unit of organic matter would cost $3 for the nitrogen and $1.20 for the 
organic matter, or a total of $4.20 per ton, 

IVlien a mixed fertilizer is said to be compounded by a 6-8-10 formula, the 
figures refer to the units of total nitrogen, available phosphoric acid (PjOj), 
and available potash (K^O j , in the order mentioned. The available phosphoric 
acid is the water-soluble plus the ammonhim-citrate-soluble phosphoric acid. 
The amount of each is usually indicated on the tag on each bag of mixed fer- 
tilizer. One with an 8 per cent available phosphoric acid might have 6 per cent 
water-soluble plus 2 per cent soluble in ammoninm citrate. Available potash 
is that which is water-soluble. 

AMOUNTS AND PROPORTIO,NS OF FERTILIZER TO APPLY 
Two aspects of tlie most desirable amount of fertilizer that may properly be 
applied to a bearing citrus grove should be considered : first, the amount that 
may he applied to induce greatest crop production, and, second, the amount 
that may be applied for greatest profitable returns. Applications of fertilizer 
will vary greatly with variations in such factors as the natural soil conditions, 
the past history of the grove, natural drainage conditions, rainfall, loss of 
nitrogen previously appiietl, amoxmts of fertilizer previoudy applied, location 
of present available amounts in the root zone, age of trees, and their present 
condition. Two of the most important factors, liowever, in determining the 
amount are the pi-obable return for the fruit one or two yeai-s hence, when 
the effects of the current fertilizer practice will be realized, and the price of the 
fertilizer to be used. 


,\MOVXT OP XrXEOGEX TO USE 

Some investigators in California consider that there is generally no need of 
applying commercial nitrogenous fertilizer to bearing groves when the top 
three feet of soil contain from 60 to 120 poimds of nitrate nitrogen per acre 
early in spring. This would be equivalent to an average of 5 to 10 parts of 
nitrogen per million parts of dry soil. The amount of organic matter in the 
soil and the rate at which it nitrifies, as well as the size and condition of the 
trees, must be taken into account. 

An exteusive siin ey in California {Yaile. 1924) showed that the increase of 
nitrogen applications up to 350 pounds of actual nitrogen per acre for full- 
hearing groves was accompanied by increa-ses in average jields. With larger 
applications there was an apparent decrease in yield. All groves that received 
as much as 350 pounds of nitrogen per acre per year were badlj' mottled. 

It has been shown, however, that increased yields of oranges from pro- 
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gressively larger applications of nitrogen follow closely the law of diminishing 
increment (Spillman, 1923; Vaile, 1924; Parker and Batchelor, 1942). All 
crop increments from fertilizer applications do not follow this general law; 
but experience has shown that it should not be left out of account. Data from 
Parker and Batchelor (1942, p. 21), presented graphically in figure 131, 
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NITROGEN - POUNDS PER ACRE 

Fig. 131. Production curve of oranges resulting from use of different amounts of nitrogen. 
(Data from Parker and Batchelor, 1942.) 

illustrate the fact that small applications of nitrogen make relatively greater 
increases, in yield per unit of fertilizei’, than large ones. From the data in 
figure 131 the use of a single unit of fertilizer might he considered as 45 
pounds of nitrogen per acre. The euiwe shows that in comparison with no fer- 
tilizer the first unit caused a larger increased yield than the second unit, 
whereas the second unit made a lai’ger increased jdeld than the third and 
fourth units combined. It may still be profitable, however, to apply 150 pounds 
or more of total nitrogen per acre each year, when the price of fruit is high. 

It is clear from figure 131 that the law of diminishing retiirns may very 
rapidly reduce the profit from the expenditure of relatively large amounts of 
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money for fertilizer. The amount of money which it is wise to spend for fer- 
tilizer will vary from time to time as the price of fruit and the price of ferti- 
lizers fluctuate. When fruit is at low level it becomes economically sound to 
spend less monej’' for fertilizer than when fruit is high-priced. The experiences 
of many successful citrus growers in California seem to justify applying an- 
nually 180 to 250 pounds of nitrogen per acre. 

Any flgures that might indicate the most profitable amount of fertilizer to 
apply, as reflected in the net profit per acre, would he of little permanent value 
except as an illustration of the law of diminishing returns as applied to fer- 
tilizer purchase. They would be based entirely on present land valuations, 
present price of fei’tilizer, present additional operating costs, and past selling 
prices of fruit. Since all these factors may change, the final result in net income 
will also change. 

A clear understanding of all the factors involved, however (Vaile, 1924), 
should be one of the chief considerations in guiding a farmer in the expendi- 
ture of money for fertilizer. 

PEOPOETION OP PHOSPHATE AND POTASH TO NITROGEN 
AS PRACTICABLE TO USE 

Some citrus growers in California use commercial mixed fertilizers contain- 
ing nitrogen, phosphorus, and potassium. Applieatioiis of organic materials 
from outside sources also supplj’’ appreciable amounts of phosphorus and large 
amounts of potassium. As a result of several field trials on various types of 
soil, Parker and Batchelor (1942) found no definite evidence to show that it 
is necessary to apply, in most citrus districts of California, compounds con- 
taining phosphorus or pota.ssium as supplied in commercial fertilizers. 

Eecommendations for Florida indicate that it has become rather general 
usage to apply as much potash as phosphate, or more, and more phosphate 
than nitrogen. Some of the most widely used mixed fertilizers have had the fol- 
lowing ratios of nitrogen, phosphate, and potash, respectively : 3-6-8, 4^6-8, 
and 3-8-8. When magnesium, manganese, and copper are applied to the soil in 
Florida, which is the usual method of using these materials there, the mixed- 
fertilizer formula will provide for six elements. The requirements of the com- 
mon usage would be met by the basic ratio 3-6-8-2-l-%, where the figures 
represent units of N, P 3 O 5 , KjO, MgO, (water-soluble) MnO, and CuO, in the 
order mentioned. 
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Chaptee VIII 


COVER CROPS AITD GREEN MANURES 


BY 

LEON D., BATCHBLOB 

C OVER CROPPING IS the practice of growing a pure or mixed stand of densely 
spaced herbaceous plants to cover the soil for part or all of the year. The 
plants may be incorporated into the soil by tillage, as in seasonal cover 
cropping, or they may be retained as a protection in reducing the rislc of injury 
from soil erosion — an important consideration in many hillside orchards; On 
some soil types and in districts subject to torrential rains the use of cover crops 
is essential to prevent irreparable damage from soil erosion. 

When plants are incorporated into the soil by tillage the organic matter 
thereby added to the soil is called “green manure,” and the practice is some- 
times termed “green-manuring.” Cover crops may thns be used as green 
manures. Other plant materials, however, such as alfalfa hay and bean straw, 
may be brought into an orchard to be spread and then worked into the soil 
to serve as green mannres, though such materials, originating outside the 
orchard, are more commonly known as bulk}’- organic fertilizers. Thus, 
although seasonal cover cropping and green-manuring are often treated as 
essentially the same thing, there is a distinction between them. 

The value of cover cropping as a cultural practice in fruitgrowing has long 
been recognized in America. The growers of deciduous fruits of the eastern 
states were mindful of the value of cover crops many years before their use 
became common in the California citrus orchards. The general practice of the 
enrichment of farm lands by green -manm-ing, however, is as old as the litera- 
ture on agricultural subjects. It was highly recommended and was apparently 
a well-established practice in China, Greece, and the Koman Empire long 
before the beginning of tbe Christian Era. 

In reviewing the increasing tendency to use cover crops in California citrus 
orchards, Vaile (1924) states that from 1914 to 1924 the use of winter green- 
manure crops in citrus groves increased materially. In the winter of 1914^15 
it was estimated that less than 40,000 acres of citrus orchards in California 
were planted to green-manure crops of any kind. Nearly half this acreage was 
planted to cereal crops. In 1915-16, approximately 67,000 acres were planted 
to leguminous green-manure crops; in 1916-17, approximately 100,000 acres. 
In the years from 1934 to 1945 the acreage varied, and there was probably 
a decline in the total amonnt. 

In some citrus-growing areas, as in Florida, it is desirable to grow a cover 
■ crop in summer because this is the season of greatest rainfall. In other areas, 
as in California, w’inter is the time of greatest rainfall and possibly the only 
season when it is practical to grow a cover crop. There are large irrigated 
areas in California for which the water supply is insufficient to grow a cover 
crop and to provide for the moisture i^equirements of the trees in summer. 

[ 383 ] 
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On the other hand, there are limited areas for whieh irrigation water is 
abundant and cheap ; there, it is frequently practical to grow two cover crops 
each year, one in summer and one in winter. The most favorable time to grow 
a cover crop, and for the crop to grow, will depend upon local conditions as 
well as upon the season of growth, and will vary widely in the various citrus- 
growing areas. 

THE FUNCTIONS OF A COVER CROP 

The primaiy functions of a cover crop in an orchard are to improve the 
son structure, to prevent soil erosion, to improve nutritional conditions for 
the ti'ees by rendering nutrients in the soil moi*e available, and to remove 
excess water from hea\y soils in years of excessive rainfall. These fmictions 
will not commonly operate with equal importance in any one orchard. 

The improvement in soil structure following the growth of cover crops is 
an everyday observation of farmers in general. Most noticeable, usually, 
will be a quicker pas-sage of irrigation water into the soil, or the greater ease 
with which the soil is tilled. The more mellow, friable condition of soils 
frequently cover-cropped, in comparison Arith soils kept continuously in a 
state of clean culture, sometimes presents a striking contrast. The periodical 
lack of cultivation that is associated with any annual cover-cropping prac- 
tice — cultivation being discontinued for four to six months of each year — ^is 
probably an important factor in restoring soils to more nearly their original 
sti’ucture. 

Soil erosion in hillside orchards can often be more surely prevented by 
the growth of a cover crop than by any other practical means. Some soil 
tj'pes are so erodible that even with a grade of only 3 to 5 per cent there will 
be an appi’eeiable los.s of topsoil if land is left bare during the rainy season. 
Erosion aauII be especially critical if fioodwaters from adjacent lands or high- 
ways pass over bare orchard soil soon after it has been cultivated. Even a 
small amount of cover crop or weed growth has a tendency to spread the 
movement of surface Avater and .slow down its rate of flow, and thus greatly 
to reduce its erosh’e poAver. Many desirable orchard sites thus require a 
cover crop throughout the rainy season; indeed, the practice is known to 
haA'e improved the A'igor and productiA'eness of citins trees in many orchards. 

CoA'er cropping is often the most practical method of procuring organic 
material. The beneficial effects of applying organic material to soils for the 
grcAAtih of both annual and tree crops has been recorded for many orchards 
(see chap. vii). The relative benefits A'aiw AA'ith soil type, fertilizer treat- 
ments previously applied, conditions of culture, and the primaiw crops 
grown after the cover ei’ops. "Where the use of oi'gauic matter apparently 
improA'es the fertility of the soil, the groAvth of a eoA'er crop is usually the 
most economical way to obfeiin a fair amount of it. In some eitins-groAving 
districts bulky organic fertilizers ai'e much higher in price than other ferti- 
lizer matei'ials; if natiu’al rainfall or relatiA'ely cheap irrigation Avater can 
be used to produce the coA’er crop, this may mean a consistent saA’ing in 
operation costs. 
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In citrus districts of California in wliich the winter rainfall is fifteen to 
twenty inches or more annually, there will be an excessive amount of soil 
moisture in the root zones of citrus trees for some time if the trees are on 
rather heavy soil of high water-holding capacity, especially if the subsoils 
are relatively impermeable in comparison with the surface soil. These condi- 
tions are common for hill lauds that are nearly free from frost hazard and 
are otherwise desirable for such crops as avocados (Huberty and Pillsburj’^, 
1943) and citrus. The risk for citrus orchards is somewhat reduced by the 
practice of growing a cover crop diufing the rainy season, since it has been 
proved helpful in removing excessive soil moisture the prolonged presence 
of which would be injurious to citrus trees. A rapid-growing cover crop, 
such as mustard, is more desirable under such conditions than some of the- 
slower-growing legumes. 

FACTORS INFLUENCING DECOMPOSITION 
OP COVER CROPS 

In order to malce the most effective use of eo^'er ci’ojjiiing as one of the 
means of maintaining soil fertility, it is desirable to understand the several 
factors which influence the decomposition of cover crops. 

The decomposition of cover crops, as of any other organic matter in soils, 
is caused by soil microorganisms that use the organic matter as food. In the 
process of decomposition, various organic compounds are broken down to 
produce a number of by-products. Of the by-products, those most important 
to the farmer are carbon dioxide, amino acids, and ammonia, the last two of 
which are quickly converted into nitrates. 

Several factors influence the natui-e and rapidity of plant decomposition. 
It is not practicable to review here the many investigations that have been 
made. Those of Waksman and Tenney (1928). however, as they bear upon the 
practical liandling of a cover crop, may be .summarized someAvhat as follows : 

The nature of the plant . — The composition of different plants varies and 
influences the decomposition processes markedly. “Some iflant constituents 
may decompose more readily than others; some substances may even retard 
the decomposition of other substances” (Waksman and Tenney, 1928, p. 170). 

Materials such as clover, alfalfa, manure, and green mustard plants, which 
are high in nitrogen in comparison with carbon, decompose readily. Materials 
such as cereal straw, leaves, and cornstalks, which are relatively low in nitro- 
gen, decompose slowly. 

The decomposition of this latter cla.ss of materials, when they are applied 
to orchard soils, usually proceeds so slowly that the microorganisms actually 
use up the nitrates which are already present in the soil at the time the 
applications are made. Thus there may be a decided depre.ssion of the nitrates 
in a soil, following the application of cereal .straw. The extent and duration 
of this depression will depend on many factors, such as the relative amount 
of organic matter applied, the carbon ; nitrogen ratio of the material, the 
conditions of soil moisture, the soil temperature, the amount of nitrate press- 
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ent in the soil, and the character of the soil. If a cereal is used as a cover crop 
and allowed to mature before being plowed under, the depression of the 
nitrate content of the soil may last for many weeks. 

On the other hand, the working under of a succulent legume or of a crop 
of high nitrogen content, such as a mustard cover crop before it matures 
enough to bloom, will be followed by a relatively rapid increase in the nitrate 
content of the soil. If soil and weather conditions are favorable for rapid 
decomposition of the organic matter, there will be only a brief temporary 
depression of nitrates in the soil when materials that are high in nitrogen 
are used. 

The presence of sizable amounts of cereal straw, shavings, or sawdust in 
manure may greatly retard the decomposition of the material. The plowing 
under of such manure with a cover crop may also retard the decomposition 
of the cover crop. 

The age of the plant . — ‘‘The younger the plant and the less mature it is, 
the more rapid will be the rate of its decomposition. The decrease in the 
relative jiitrogen and ash content and of the total water-soluble substances 
and the increase of the cellulose and lignin content, with an increase in 
maturity of the plant will account for its slower decomposition” (Waksman 
and Tenney, 1928, p. 170). 

It is clear, therefore, that the plowing under of mature and woody cover 
crops which have gone to seed may depress the nitrates in the orchard soil. 
The depression may persist for several weeks even though the cover crop is 
a legume. The relative amount of nitrogen in a legume crop, in comparison 
with the carbon content, is higher before the plants reach maturity than 
during the late blossoming and seed-forming period. 

Bal (1922, p. 141) studied nitrate production as influenced by the age 
of Ci’otalaria plants incorporated into the soil. He found the relative rapidity 
of nitral e formation to be as follows ; 
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It is evident that plants 2 to 4 weeks old nitrified rapidly, whereas those 12 
weeks o.ld were very slow to nitrify. 

This problem.was also investigated by Mai-tin (1921, p. 156). who reviews 
the conclusions of some of the previous investigators. In his re\uew five dif- 
ferent investigations are cited, all of which confirm the principle that the 
greater the succuleney of the material studied, and the greater its nitrogen 
content relative to other constituents, the more rapid is the decay. The experi- 
ments were carried on with both legume and cereal plants, llai'tin concludes 
from his own investigations that, “using as mea.snrements the rapidity of 
humus formation, the accumulation of nitrates, and the increased availability 
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of the plant nutrients, the subsequent crop growth proved that the greatest 
rapidity of decomposition and the greatest benefit to the soil were achieved 
by the use of green manures at the half -grown stage.” 

Inasmuch as the nitrogen content has so important an infiuence on the sub- 
sequent decomposition of the cover crop, the stage of growth at which the 
nitrogen content is greatest is of direct interest to the fruitgrower. Martin 
(19Sl, p. 156) studied rye, oats, and buckwheat, and concludes for all three 
that “the younger the organic matter used, the larger is the percentage of total 
nitrogen present therein.” In summarizing the observations of several inA’es- 
tigations, Pieters (1927, p. 78) states tliat the studies of crimson clover, red 
cloA'er, alfalfa, and hairy vetch warrant the general conclusion that the per- 
centage of nitrogen is highest at a relath'ely early stage of growth. However, 
the total nitrogen produced by the entire crop is greatest at or a little after 
blooming time. 

From the above-mentioned investigations, and others Avhich confirm them, 
it is safe to conclude that a coA'er crop in an immature, succulent state will 
decay more rapid^' than a mature crop. 

EFFECT OF COVER CROP ON PHYSICAL 
CONDITION OP SOIL 

Soil structure . — The incorporation of a cover crop, or the addition of any 
organic matter, affects the structure of most soils. The principal effect ap- 
pears to be a higher percentage of water-stable aggregates than exists in soils 
to which no organic matter is added. The effect of mixing the tops of the cover 
crop with the tilled soil cannot be separated from the beneficial effect of the 
cover-crop roots, w'hich extend also below this lajver of soil. Probably both 
are important, especially in the impi’OAvement of the physical condition of 
heavy soils. Soils that are cover cropped annually are friable, easily tilled, 
and readily distinguishable, by general field observation, from comparable 
soils that have been subjected to a continuous system of clean culture. 

The maintenance of the original structure of the soil is important in or- 
chards in both irrigated and humid regions. One of the most obvious effects 
of cover cropping observed by fruitgi'owers in irrigated regions is that this 
practice is usually followed by a more I’apid penetration of irrigation water. 
The presence of a cover crop in the orchard during tlie rainy season also 
reduces the loss of water by excessive runoff and temporarily improves the 
soil conditions in the orchard, being somewhat comparable to the establishing 
of a sod on the land. The benefit of sod in improving soil stnicture has been 
noted by farmers and scientific obser\'ers for many generations. 

Organic content of soil . — One cannot expect to increase the organic content 
of the soil in a citrus orchard materially or permanently either by cover crop- 
ping or by applying large amounts of organic matter. The value of organic 
matter in the soil must therefore be exi^lained as in some measure a re.sult of 
the beneficial effect of its temporarjv presence and its disintegration in the 
soil, rather than of its accumulation. 
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A good tonnage of cover crop, such as 10 tons green weight per orchard acre, 
would add only 0.11 of 1 per cent organic matter to the surface 9 inches of soil. 
A heavy appl ication of ordinary dairy manure, such as 15 tons per acre, wonld, 
on the average, add only about 0.25 of 1 per cent organic matter to the surface 
9 inches of soil. The addition of such small amounts of organic matter, relative 
to the volume or weight of the surface 9 inches of soil, is certain to have only a 
limited influence on the water-holding capacity of the soil. Even though such 
additions were made yearly for several decades, the sum-total gain in organic 
matter would he esceedingl 5 ’ small. Cultm’al operations and the long, warm 
summers in the citrus-growing areas are conducive to the rapid loss of organic 
matter through the maintenance of conditions favorable for the growth of 
microorganisms of the sod, which persistently decompose the organic matter. 

In contrast, a climate favorable to the actual gain in organic carbon in the 
soil might be expected in England. Dyer (1902, p. 29) reports, however, that 
the experiments conducted on the Broadbalk wheatfield do not show notable 
gains. Plot 2b, wliich had received 14 long tons of manure per acre annually 
for 50 years, contained, in 1893, 2.230 per cent organic carbon in the surface 
9 inches of soil. At the same time, the soil of plot 9a, which had received a com- 
plete inorganic fertilizer only, contained 1.162 per cent organic carbon. Thus, 
plot 2b showed a gain, over plot 9a, of only 1.068 per cent organic cai’bon in 
tlie surface 9 ijiches of sod after a oO-year period of annual applications of 
relatively large amounts of organic matter. The organic carbon contents per 
acre in the surface 9 inches of these soils at the end of 50 years’ eontiiiuous 
experiments were : plot 2b, 52,046 pounds ; and plot 9a, 30,126 pounds. Plot 2b 
thus exceeded plot 9a by only 21,920 pounds, after receiving a total of 
1,568,000 pounds of manure per acre during tlie five decades. The two plots 
had produced similar yields of wheat, namely, 35 to 40 bushels per acre an- 
nually, over the 50-year period. 

Another illustration of the failure of notable amounts of organic matter 
to aceunudate in sod treated regularly with organic fertilizer may be taken 
from the “Rubidoux ’ experiments of the California Citrus Experiment Sta- 
tion. In these experiments orange and lemon trees were planted on adjacent 
plots F and G in 1907. For 23 years plot F received an average annual applica- 
tion of 15 tons of manure per acre. This manure contained approximately 
175,^0 pounds of organic matter. In this same period plot G received only a 
negligible amount of organic matter applied in dried blood and steamed bone 
meal. Winter cover crops were grown annually on both plots, however, in 
the last seven years of the 23-year period. Soil samples taken at the end of the 
23-year period show that the surface 12 inches of soil of plot P contained 
0.890 per cent organic carbon, and of plot G 0.334 per cent. This amounts to a 
gain of only 0.556 per cent organic carbon in the surface foot of soil after 
a prolonged period of relatively heavy applications of an organic fertilizer. 

In a 7-year trial of cover crops conducted by the Florida Experiment Sta- 
tion in an orange orchard, Stokes et al. (1932) reported no increase in the 
“decomposed organic matter.” Even after incorporating the equivalent of an 
average of 4,969 pounds of air-dried top growth of Crotalaria per acre each 
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year for seven years in succession, no increase in decomposed organic matter 
was found in the upper 8 inches of soil. The authors conclude (p. 16) : “The 
results indicate a slight decrease in the ‘decomposed soil organic matter’ of 
the surface 8 inches of soil from 1925 to 1932, despite the return of large 
quantities of rough organic matter in the form of summer cover crops.” 

Senstius (1925, pp. 149-155) has directed attention to the fact that no 
organic matter accumulates in well-drained, well-aerated soils when the aver- 
age temperature is 25° C. (77° F.) and higher, as in most tropical lowlands. 
Soil temperatures under most citrus-orchard conditions are above this point 
for many weeks in succession. In an orange orchard in Riverside, California, 
in 1928, the soil temperature one foot below the surface of the gi'ound rose 
above 76° F. on May 25 and remained above that temperature until October 11. 
During this period of 20 weeks the soil temperature fluctuated between 76° 
and 88° F. Higher temperatures existed in the surface 9-ineh layer of soil, in 
which most of the organic matter from manure and cover crops is incorporated. 
Under such conditions, favoring maximum bacterial action, organic matter 
is disintegrated very rapidly; 

Fi’om the point of view of the eiti-us grower who has to irrigate his orchard, 
the addition of organic matter to soil bj'^ cover cropping may be justifiable, 
both for the improved physical condition of the soil and for the probable in- 
crease in fruit production. The increase in organic carbon content of the soil 
may be relatively small, but the improvement in soil structure makes it pos- 
sible to irrigate more satisfactorily, 

NITROGEN FIXATION 

In citrus culture an important practical consideration is the effect of nitro- 
gen compounds in the soil upon the nitrogen-fixing power of legumes, in view 
of the fact that nitrogen compounds are so much used in fertilizing citrus 
trees. 

Numerous experiments have been carried on to demonstrate the power of 
legumes to obtain from the air the nitrogen necessaj-y for their growth. Such 
experiments have been conducted with soils or sand cultures devoid of avail- 
able nitrogen at the beginning of the experiment. 

Many observations have been made under field conditions, in an attempt to 
measure the amount of nitrogen actually added by the growth and incorpora- 
tion of a legume cover crop in a soil. In summarizing several observations in 
this regard, Hopkins (1910, p. 217) states: “Clover and other legumes take 
available nitrogen from the soil in pi’eferenee to the fixation of free nitrogen 
from the air, the latter being drawn upon only to supplement the soil’s supply 
and thus balance the plant-food ration. . . . the conclusion may be drawn that 
on normally productive soils at least one third of the nitrogen contained in 
legume plants is taken from the soil, not more than two thirds being secured 
from the air. . . . When grown on richer soils, such legume crops leave the soil 
poorer in nitrogen ; but on poorer soils, furnishing less than the normal amount 
of available nitrogen, tlie growing of such legumes would enrich the soil in 
proportion to its poverty.” 
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The subject of symbiotic nitrogen fixation, as influenced by the nitrogen in 
the soil, has been investigated by Albrecht (1920, p. 316), who concluded, 
after numeroiis trials, that “nitrogen fixation will take place in a soil contain- 
ing large amounts of nitrogen in the form of either nitrates or organic matter.” 
According to the data given in his report, variations in the amount of total 
nitrogen in the soil failed to exert any varying influence on the amount of 
nitrogen fixed. 

The results of other investigations indicate that relatively small amounts 
of available nitrogen in the soil may assist the fixation of atmospheric nitrogen 
by giving the legumes a good start in the early stage of their growth. Accord- 
ing to the findings of Giobel (1926, p. 119), however, relatively large amounts 
of available nitrogen in the soil may affect advei-sely or altogether inhibit the 
fixation of nitrogen from the air by legumes. This author lists 181 publications 
dealing, in large part, with legumes and niti’ogen fixation. The majority of 
tlie investigations reviewed show that relatively large amounts of available 
nitrogen in the soil depress the nodule formation on the various legume crops 
and thus reduce nitrogen fixation materiall 3 '. In reporting his own investiga- 
tions following a large number of experiments with alfalfa, Giobel states (p. 
118) : “The amounts of nitrogen fixed, in all eases, were inversely proportional 
to the amounts of soluble soil nitrogen at the disposal of the plants,” The same 
observations were generally' true with soybeans. 

These findings have a direct bearing on the choice of a cover-crop plant. 
Legume crops such as clover or vetch have been used extensively as cover crops 
in citrus orchards. That they have the power of fixing nitrogen, as well as of 
supplying organic matter, in an impoA’erished soil, has been proved beyond 
question. 

EFFECT OF COVER CROPS ON CITRUS ORCHARDS 

The incorporation of organic matter into the soil, either bj'" the use of 
manure as fertilizer, or by the disking under of a cover crop, is an essential 
jjart of good farming methods in a tilled orchard. In reviewing several field 
trials in California citrus orchards, VaUe (1922, p. 512) concludes, however: 
“The use of winter green-manure crops has been followed by conflicting results 
in the different trials. In one case a marked increase in yield and an improve- 
ment in tree condition resulted ; in a second case there was a slight decrease 
in y^ield ; in a third case the results seemed to be negative. The failure of the 
cover crop to alwa.vs prodiiee increased yields can apparently be accounted 
for in some cases, but has not been in other cases.” 

Examples of henefieial effects . — One of the most striking illustrations of 
the beneficial results of the use of cover crops was the recoveiy of devitalized 
trees both of oranges and of lemons on the Rubidoux experimental plots of the 
California Citrus Experiment Station. The trees on these plots were planted 
in 1907 and grown until the fall of 1923 under clean-culture conditions. Dur- 
ing the latter part of this period the trees gradually- declined in vigor and 
failed to produce the increase in yield expected by reason of the increase in age. 
A cover crop of purple vetch was planted in the fall of 1923 and plowed under 
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in the spring of 1924. After that time, a winter cover crop was grown annually, 
and the productivity of the trees increased progressively during the following 
six years. 

The increase in yields was not so striking, however, as the change in the 
general appearance and vigor of the trees after the six years of cover-cropping 
practice. The “mottle-leaf” condition, which had been extremely bad, was 
greatly improved, and the size and vigor of the annual twig growth increased 
radically. An idea of the density and general appearance of the trees before 
and after the cover cropping may be gained by comparing figures 132 and 133. 
The tree pictured in these photographs was in the area fertilized with a com- 
plete fertilizer. In these trials the striking improvement of the trees soon after 
leguminous winter cover crops were grown seemed out of all proportion to 
the tonnage of organic matter turned under. 

Beneficial effects of the use of cover crops in an orange grove have also been 
reported from Florida bj’’ Stokes et al. (1932, p. 15) . These authors concluded, 
after a 7-year trial : “Larger cover crop yields have meant a faster tree growth 
and larger fruit yields for the duration of the experiment. Clean culture has 
little or nothing to recommend it as a grove practice on this tj’’pe of soil.” These 
conclusions were reached after comparing the effect of several different cover 
crops with that of clean culture in wdiieh mixed commercial fei’tilizers were 
used as part of the cultural treatment. No bulky organic fertilizer materials 
were applied in addition to the cover crop. Some of the fruit yields obtained 
in the Florida trials are summarized in table 33 (p. 394). Of the several sum- 
mer cover crops used, Crotalaria gave the best results. In comparison w'ith the 
cover-cropped plots, the clean-cidture plots were practically failures. 

Observation of the effect of winter cover crops on orange yields, in compari- 
son with clean culture using various fertilizer materials, has been continued 
at the California Citrus Experiment. Station since the Kubidoux trials previ- 
ously mentioned. At the beginning of the experiment, the orchard of navel 
oranges was ten years old. Nine vrinter cover crops and two summer cover 
crops, together with the straAV from four intercrops of beans, had been incor- 
porated into the soil of this grove in the decade before Ihe cover-crop trial 
began. In table 34 (p. 394) the results of a 17-year trial are summarized. 

Legume cover crops, or a mixture of a legume and mustard, were used an- 
nually, 6 to 10 tons of green weight per acre being incoi’iiorated into the soil 
yearly. During the first tAvelve years of the experiment (1928-1939), all the 
plots were fertilized at the annual rate of one pound of actual nitrogen per 
tree (this is equivalent to 90 pounds per acre). During the hast five years of 
the experiment (1940-1944) the rate of fertilization was increased threefold. 
The cumulative benefits of the cover cropping of the entire orchard before this 
trial began ma.sked the effect of cover cropping somewhat chrring the first four 
years of the trial (table 34). It is apparent that the cover crops had a bene- 
ficial effect only where the concentrated inorganic, fertilizci’s wei-c used. Where 
manure was used as the only fertilizer material, the cover crops had a depress- 
ing effect on yields during the first tw'elve years, and little if any effect during 
the last five years. 
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Fig. 132. Orange tree seventeen years oW, fertilized ivith “complete” fertilizer and 
gromi under “cleau-eulture’- conditions until the first cover crop was produced, as 
shown. Photographed in February, 3924. Compare with figure 133. 


“When combined with moderate applications of nitrogen from concentrated 
sources, the winter cover crops were consistently beneficial, to some degree, 
regardless of the type of nitrogenous fertilizer used. The organic matter added 
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Fig. 133. The same orange tree as that shown in figure 132, after six years’ culture 
with annual winter cover croiis. 

by the cover crops apparently maintained a more favorable carbon: nitrogen 
ratio for the growth of the orange trees, as measured by crop production and 
genera] vigor of the trees. When the nitrogen applications were trebled, dur- 
ing the years 1940-1944, it beeame apparent that the added organic matter 
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was of increasing importance with certain fertilizers, especially with the com- 
plete fertilizer and sodium nitrate. With the latter, in the plots which were 
not cover cropped the soil structure deteriorated rapidly in the last five-year 

TABLE 33 

Avebace Teablt Eruit Yields of Pineapple Oranges from Trees op Cover-Cropped and 
Clean-Cumtueed Plots during Their Fourth, Fifth, Seeth, and 
Seventh Years of Age* 


Cover crop 


Founds of fruit per acre of 70 trees each 

Yield increase, 
cover-cropped 

1928 

1929 

1930 

1931 

Total 

I trees over 
clean-cultured 

Crotalaria 

360 

448 

6, OSS 

■1 

13,560 

per cent 

424 

Velvet beans 

' 64 

168 

3,224 


0,176 

287 

Beggarweed 

312 

502 

1.944 

■iia 

10,832 

339 

Natal grass 

304 

616 

3,944 

7,712 

12,578 

393 

None (clean culture) 

16 

112 

2.304 

76S 

3,200 



* Reconstructed from table t-i of Stokes el al. (1932. p. 14). 


TABLE 34 

Effect of Winter Cover Crops on Navel Orange Yields 


Average annual yield per tree (pounds) 



1923-1931 

1932-1933 

1938-1939 

1940-1944 

Urea and cover crop 

114 

138 

117 

160 

Urea 

111 

126 

92 

133 

Increase in yield, owing to cover crop (per cenO ■ . 

.8 

10 

27 

13 

Calcium nitrate and cover crop 

122 

158 

120 

189 

Calcium nitrate 

112 

113 

96 

154 

Increase in yield, owdngto cover crop (percent) - . 

Q 

40 

25 

23 

Sodium nitrate and cover crop 

114 

149 

121 

147 

Sodium nitrate 

no 

120 

03 

76 

Increase in yield, owing to cover crop {percent) . . 

i 

24 

50 

96 

Complete fertiliser and cover crop 

114 

150 

113 

142 

Complete fertiliser 

112 

134 

102 

101 

Increase in yield, owing to cover crop (per cent) . . 

S 

13 

11 

4/ 

Dairy manure and cover crop 

107 

m 

80 

171 


119 

un 


172 

Decrease in yield, ow'ing to cover crop (percent) . 

SO 

7 

34 


s Nitrogen supplied at the annual rate of 1 pound pec tree, 1928-1939; 3 pounds, 1940-1944, 


period. This, in turn, had an adverse effect on the penetration of the irrigation 
water and rainfall into the soil and caused a persistently detrimental effect 
upon the vigor of the trees and crop production. Soil studies (Aldrich, Chap- 
man, and Parker, 1944), and also the yield data presented in table 34, have 
shown the impracticability of growing oranges under clean-culture conditions 
with such liberal applications of concentrated fertilizers. 
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Factors hearing on the varying responses of citrus trees to cover cropping . — 
Soil types and climatic conditions no doubt have a bearing on the results that 
may follow the use of cover erpps. When grown in the heavy clay loam soils 
in several of the coastal sections of California, winter cover crops are appar- 
ently beneficial as a means of removing surplns soil moisture during and at 
the end of the rainy season in late winter. At this cool, damp season of the 
year, citrus trees are in a seniidormant state and their demands for soil mois- 
ture are relatively low. Clean-cultivated orchards under these conditions, how- 
ever, retain an almost constant, rclativelj' high soil-moisture content for rather 
long periods. Many casual field observations indicate that citrus trees in such 
orchards maj' be greatly benefited by winter cover crops. 

Where soils are already rich in nitrate, the growth of a cover crop may be a 
means of preventing loss bj' leaching. This is no doubt important with respect 
to permeable soils in regions of heavj' rainfall. 

In California relatively large supplies of various kinds of manures are 
available. Partly for this reason, manures are widely used in citrus orchards 
throughout the State. Vaile (1924) obseiwes, however, that the value of cover 
ci’ops is most pronounced in orchards fertilized with comparatively small 
amounts of manure or other organic fertilizers. He states further : “It seems 
probable, therefore, that the persistent use of green-manure crops will relieve 
the growers of the necessity of applying such liberal applications of manure.” 
A yield of ten tons of cover crop (green weight of tops) to the orchard acre is 
considered a good yield. This may contain as much nitrogen as the same weight 
of ordinary daily manure, and as much organic matter as eight tons of manure. 
It is to be expected, therefore, that cover cropping may be considered some- 
what as a substitute for the application of bulky organic fertilizers. 

The literature on the benefits of cover cropping, as measured by the in- 
creased production of subsequent crops grown on the same land, is mainly 
limited to reports of the benefits to annual crops. These cannot safely be taken 
as literally comparable when applied to tree croiis. There is a notable absence 
of reliable information on the value of cover cropping citrus and deciduous 
orchards. The value of using a bulky organic fertilizer as a source of part 
of the plant food applied to citrus orchards has been more definitely demon- 
strated. After suiweying the cultural and fertilizer practices of six hundred 
citrus orchards, Vaile (1924) concluded that the largest average yields re- 
sulted when the largest proportion of the nitrogen Avas carried in “bulky 
manure.’” Such materials as bean straAV, manure, and alfalfa are relatively 
expensive sources of nitrogen, however, when compared with chemical fer- 
tilizers. The greatest economic A'alue of a coA^er crop may therefore be as a 
supplementary source of organic matter to replace part, at least, of such bulky, 
more costly fertilizers as organic manures. Since cover cropping is part of the 
cultural practice in many successful citrus orchards, it may Avell be tried for 
this purpose, especially in any district AA'here the price of bulky fertilizers is 
high in comparison Avith that of inorganic fertilizer materials, 'i'he practica- 

The term “bulky manure,” as used by Vaile (1924), includes hays and straws a.s Avell as 
aiiinial manures. 
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bility of thus employing it is dependent, however, upon there being an ade- 
quate supply of irrigation water available at a reasonable cost, so that the 
growth of the cover crop is economical. 

PRACTICAL CONSIDERATIONS IN CHOICE 
OF COVER CROP 

Tonnage of organic matter produced . — The value of cover crops in main- 
taining fertility in citrus orchards is dependent, in part, upon the production 
of reasonably heavy tonnages of organic matter. The addition of nitrogen by 


TABLE 35 

Avebaoe Composition’ op Sbveeal 'Winteb (Legume) Cover Chops, and Tonnage op 
Gbeen Matter Produced When Geo’wn under Field Conditions* 


Plot 

Green^manure crop 

Green 

manure, 

on 

acre basis 

Water 

Nitrogen 

in 

green 

weight 

; Nitrogen 

1 i)er acre 

1 

1 

Common vetch 

avff. Uynnage 
12.0 

per cent 
32 

per cent 
0.53S 

pounds 

129.6 

3 

Bur clover 

12.7 

34 

0.637 

161.3 

5 

Purple retch 

20.0 

31 

0.569 

22S.0 

9 

Canada peaa 

7.S 

80 

0.633 1 

95.2 

n 

Tanipo' peas 

13.7 

36 

0.494 1 

1 135.6 

13 

Melilotus 

13.7 

30 

0.556 

152.0 

16 


1 12.3 

82 

0.557 ' 

136.5 

17 


12.1 

75 

0.650 

157.3 


1 

i 

i Arnage of dght legume plots 

13.0 

81 

1 0.570 

149.4 


* From table n of Mertz {19iS, p, 10). 


fixation may in reality be considered of secondary importance. In California, 
inorganic nitrogen can be applied to the soil and economically converted into 
organic nitrogen by the cover crops, provided a good tonnage can be grown 
in the winter season when the trees are nearly dormant. 

The tonnages of .several winter cover crops, produced under field conditions 
rather than in an orchard, as reported by Mertz (1918, p. 10), are sho-wn in 
table 35. The more or less vacant spaces in the tree rows, the effect of the shade 
of the trees, the competition of such weeds as nettles and chickweed, reduce 
materially the actual yields obtainable under orchard conditions. In order to 
arrive at a reasonable expectation under citrus-orchard conditions, the yields 
shown in table 35 should be reduced at least 30 per cent for young orchards 
eight to fifteen years old, and as much as 50 per cent, or more, for orchards 
fifteen years old and older. 

Competition iy weeds . — In many sections of California it is difficult to ob- 
tain a satisfactory stand of leguminous cover crops in old orchards. The shade 
of the trees and the competition by shade-enduring weeds sometime reduce 
the cover-crop stand to a practical failure. This trouble is most apparent on 
soils which have been heavily fertilized Avith stable manure and which may 
therefore naturally produce an abundance of such weeds as malva {Malva 
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parviflara), lamb’s-quarters {Chenopodium album) , mustard (various species 
of Bj’flssica) , prickly lettuce (iacf'ucfflscanola) , purslane {Portulaca oleracea) , 
common chickweed (Stellaria media), and tumbling mustard {Sisymbrium 
altissimum) . Because the ultimate cover crop may in large part become weeds, 
attention bas been turned recently to the planting of quick-growing crops 
other than legumes. 

Many commercial citrus growers take the view that it is better to make sure 
of a heavy tonnage of a nonlegume than to be confronted with a relatively 
light crop of legumes plus prevailing weeds such as chickweed and nettles, 
making a light total tonnage. This view has much in its favor, in consideration 
of the relatively low price of inorganic nitrogenoirs fertilizers and the doubtful 


TABLE 36 

Moisture akd Nitrogen Content op Noni.egume Crops 
Occasionally Used as Cover Crops* 


Green-manure crop 

Water 

Kitrogen 

in 

green weight 


per cent 

79 

89 

83 

per cent 

0.62 

0.46 

0.50 





* Anolyais supplied by courtesy of the LeffingwcU Co., Whittier. California. 


value of legumes as a means of fixing nitrogen in a soil already rich in nitrates. 
Such crops as malva or the various species of mustard usually compete so suc- 
cessfully with the above-named weeds as practically to choke them out. A good 
tonnage of malva or mustard can be produced in about three months, whereas 
a comparable tonnage of clover or vetch takes much longer. In the winter of 
1927-28, white mustard {Brassica alba) planted in a lemon orchard on Novem- 
ber 1 had produced a good tonnage by the middle of January. 

During the fall and early winter of 1929, for comparison, purple vetch and 
two species of mustard were grown as cover crops in an orange orchard on 
property of the California Citrus Experiment Station. Figures 134, 135, and 
136 illustrate the relative amounts of growth made by the three crops from 
September 12 to December 24. This grove has never been well fertilized ; yet at 
the end of the 104-day period the white mustard {Brassica alba) was in bloom 
and had produced a very heavj’- tonnage. The Trieste mustard {B. juncea) 
made nearly as much tonnage and had the added advantage of being somewhat 
more resistant to cold than the white mustard. The purple vetch, on the other 
hand, was only one-half to three-fifths mature, with less than half the tonnage 
of the mustards. All the crops were infested with moderate amounts of volun- 
teer malva plants. 

Both mustard and malva are relatively rich in nitrogen while green, and 
disintegrate rapidly after being turned under. These crops having a high 
nitrogen content are much more desirable as noiilegume cover crops than the 
various cereals. Table 36 shows the analysis of three nonlegume plants occa- 
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Fig. 134. Purple veteb (fiVKi iiiroiiuri^uua} eover erop. Plmiterl Sciitcmlu'r 12. 1923; 
photograplied Iifcenilier 24. 1929. (Vimpare with figures 135 ami 13ii. 





Fig. 13.5. White mustard (Brassica alba) cover crop. Planted September 12. 1929; photo- 
graphed December 24, 1929. Compare with figures 134 and 136. 



Cover Crops and Green Manures 399 

sionally used as cover crops. The data presented are comparable to those of 
table 35. Cereals will produce a good tonnage of organic matter as winter cover 
crops, but their slow decomposition makes their use objectionable, so that it is 
doubtful if they should be used general^' in citrus orchards. 

There is no one best cover crop for all the conditions under which citrus 
trees are grown. Legume crops such as annual yellow sweet clover {Melilotus 
indica) and pui*ple vetch {Viem airopurpurca) may be most desirable as win- 
ter cover crops for planting in young orchards that have not alreadj” been fer- 



Fig. 136. Trieste mustard {Brassica jiincea) cover crop. Pl.uited Seirtember 12, 1929; 
pliotograplied Deeember 24, 1929. Comiiarc with figures 134 and 135. 


tilized with nitrogenous fertilizers. This would be advisable because of the 
nitrogen that would probably be fixed by the plant and bacteria in symbiosis. 
The sunny exposure in young orchards is conducive to a good growth of such 
winter cover crops as vetch, cloi’er, or broad bean. Figure 137 shows a growdh 
of purple vetch in a young lemon orchard. The crop was sown in September, 
1929, and photographed in Februaiy, 1930. 

On the other hand, in a bearing citrus orchard in w'hieh liberal applications 
of nitrogen have been made, we are not dealing in any sense with an impover- 
ished soil, and the fixation of nitrogen may not be an important consideration. 
Such soils have become rich in nitrogen, and the nitrate nitrogen may vary 
from 5 to 20 parts per million of the dry soil w’hen a winter cover crop is 
planted. Various iveeds usually grow rapidly in such orchards and compete 
successfully with a sowm cover crop. In orchards ten to twenty years old, where 
a large part of the land is shaded during the winter months, some nonlegume 
may have to be used. If the trees are planted far apart, however, it will be 
possible to grow a legume cover crop, as shown by the heavy winter crop of 
sweet clover illustrated in figure 138, 
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The summer legume cover crops most commonly grown with success in citrus 
orchards are the folloAving : Crotalaria (Crotalaria striata and C. spectabilis) , 
Colorado Hiver hemp {Sesbania macrocarpa) , velvet bean {Mucuna utilis), 
and eowpeas (Vigna unguiculata), illustrated in figure 139. Among the non- 
legumes, pigweed {Amaranthus hybridus), illustrated in figure 140, has been 
used rather extensively in California as a planted or more commonly as a 
volunteer crop, and Natal grass {Tricliolaena rosea) has been reported upon 
favorably in Florida. 

In districts where the irrigation supply is ample, or in humid citrus sec- 
tions, the summer cover crop has ordinarily given good results. Spring and 
summer cover crops usually compete severely with the trees for both moisture 
and nuti’ients, however, during the period when the trees are actively grow- 
ing, the spring cover crop being probabty worse in this regard than the sum- 
mer crop. A winter cover crop, on the other hand, grows when the citrus trees 
are nearly dormant and is thus practically noncompetitive. 

It is a common observation that attemijts to grow legume crops, especially 
clovers or vetch, in fnll-hearing, thrifty citrus orchards, are invariably partial 
if not complete failures. In such orchards there are the alternatives of, first, 
allowing the various native weeds to grow as a cover crop, or, second, planting 
something that will compete successfully with, or choke out, the weeds. If the 
second method is followed, a larger tonnage of organic matter will usually be 
grown, unless the native weeds by chance include a large proportion of malva 
and the various wild mustards. Such native weeds as chickweed and nettles 
may completely choke out a crop of vetch or clover without making a heavy 
tonnage of organic matter themselves. So far as we know at present, there is 
110 winter legume crop that satisfies this requirement of making so rapid a 
growth as to compete successfully with a dense infestation of chickweed or 
nettles. Possibly the small-seeded broad bean {Vicia Faba var. minor) most 
nearly meets the requirement. This crop has otlier disadvantages, however, 
such as the high cost of the seed and, especially, the injury the plants suffer in 
the grove as the result of the tramping and trucking necessary for picking 
fruit and serving orchard heaters. For these reasons it has not become a com- 
mon cover crop. In Valencia orange orchards, however, where it is not neces- 
saiy to pick any of the fimit during the winter, and where the orchards are 
so situated that orchard heating is not necessary, the small-seeded broad bean 
makes satisfactory growth. 

The impracticability of using legumes as winter cover crops in mature citrus 
orchards has caused many growers to turn to such crops as the vai’ious mus- 
tards, malva, and rape. These three crops contain relatively large percentages 
of nitrogen, and, if turned under before reaching full maturity, will quickly 
decompose. AH tliese plants, especially the mustards, make a rapid growth 
when sown in the fall. When mustard competes with nettles or chickweed, the 
mustard usually makes up the greater part of the final green tonnage. It is for 
this reason, and because mustard may be planted at the beginning of tlie rainy 
season, which in California may be as late as the early part of November, that 
it is frequently used as a cover crop in citrus orchards. 
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By fertilizing the orchard with the cheapest sources of inorganic fertilizers 
possible, plus the growth of these vigorous nonlegumes, the citrus grower may 
be further ahead in the end than by growing a medium or poor legume crop 
with only a small tonnage of organic matter, even though more nitrogen might 
be added to the soil by the latter method. It is well to repeat, however, that in 
young orchards where the weeds have not become thoroughly established some 
legume cover crop can be used profitably, and is probably more desirable than 
any uonlegume crop. Melilotus clover, purple vetch, or broad beans arc pre- 
ferred for legume winter cover crops in California. 

Sometimes, gi’eater yields of field crops have followed nonleguminous than 
leguminous green-manure crops. For example, in Virginia the yields of cer- 
tain crops following com and sorghum and the natural vegetation were larger 
than those that followed cowpeas and soy beans. According to Johnson 
(Pieters and McKee, 1929, p. 992), the natural vegetation consisted of a heavy 
growth of crab grass with common weeds. Hall (1910, p. 274) reports that at 
the Woburn Experiment Station, England, after several trials, crops that 
followed mustard were always better than those that followed vetches, despite 
the fact that the vetches had contributed a greater weight, both of dry matter 
and of nitrogen, to the land. In this connection, Pieters and McKee (1929, 
p. 987) state that in Alabama a relatively small crop of vetch has given better 
returns on cotton than a heav5' crop. They suggest that some crops may not 
be able to utilize advantageously the large masses of green matter turned 
under, and that smaller amounts may often serve quite as well. 

CULTURE AND DISPOSAL OP COVER CROPS 

Winter cover crops . — In view of the general belief, in California, that it is 
desirable to turn under the cover crop in a citrus orchard in the late winter 
or very early spring, the crop should be planted relativelj' early so that it will 
make a satisfactory tonnage by that time. Five months’ time is required to 
make a fair production with legume cover crops. Hence, if such a crop is to be 
turned under by Febmary 15, it must be planted not later than September 15. 

Mustard or malva, on the other hand, will make a fair tonnage in three 
months and can be planted in the warmer citrus districts as late as November 1 
and still make a good crop by February 1. In fact, it may be desirable to post- 
pone the planting of a mustard cover crop until October 15 to November 1. 
If planted much before then, the mustard is likely to be in full bloom by the 
end of December. This is an undesirable time to incorporate the cover crop 
into the soil, especially in orchards so situated that one of the reasons for the 
cover-cropping practice is the drying out of the soil moisture on land which 
is naturally too cold and wet during the late winter. This is also too early, in 
the California districts, to turn under a cover crop on hillside land, where 
one of the advantages of a cover crop is prevention of erosion. The alternative 
of allowing the early-planted mustard to continue to grow until February 
is a disadvantage, inasmuch as the full maturity of the crop to a tough, fibrous 
condition is not desirable because of the slow rate of disintegration of snch 
material, as previously pointed out. In orchard heating, the presence of a tall 
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cover crop is a hindrance. With mustard waist-high from the middle of De- 
cember to the end of the winter, orchard heating becomes a difScult and espe- 
cially unpleasant task. For these several reasons, mustard may be a more 
satisfactory crop if planted from October 15 to November 1 than if planted 
earlier. In orchards where soil erosion is an important consideration, the plant- 
ing of a cover crop at an early date is probably justified. In such orchards, 
sowings somewhat earlier than heretofore noted may be essential. If the early- 
sown mustard cover crops are in the way of orchard-heating operations, they 
can be mowed just before blooming; a secondary growth will be made later 
in the season. 

If the practical considerations in turning under a winter cover crop in a 
citrus orchard can be made to harmonize with the principles governing most 
effective use of such crops, good effects on the citrus are likely to follow. Just 
before such cover crops as melilotus clover or vetch reach the blossoming stage, 
they have produced about 80 per cent of their ultimate tonnage. They are still 
quite green and succulent, and at the same time have closely approached, but 
not fully attained, the maximum total nitrogen. This stage in the growth of 
the cover crop may be considered one of the most favorable at which to turn 
it under. Postponement of tillage for the added tonnage and total nitrogen 
that might be obtained by allowing the crop to mature does not seem justified 
in view of the resultant slower decomposition of the crop. Winter cover crops 
should be, and usually are, turned under a month or six weeks before the 
blooming of the orange trees. The rapid decomposition of the cover crop is 
essential to the successful use of this method of culture. Casual observations 
indicate that the incorporation of a winter cover crop into the soil at Ml 
maturity, in a dry, fibrous condition, has often done more harm than good. 

Summer cover crops . — ^Much that has been said of winter cover crops is also 
applicable to summer cover crops, with merely a change in the seasonal con- 
siderations. In regions of heavy summer rains, such as Florida, the use of 
summer cover crops is by all means the most favorable method of producing 
organic matter as a supplement to fertilization. Also in regions Avhere there 
is an abundance of cheap irrigation water, as in the desert regions of Cali- 
fornia and in certain places in Arizona, the growth of summer cover crops 
becomes entirely practicable. Any one of the several warm-season crops can be 
planted as soon in the spring as the ground is warm enough to induce good 
germination and growth . 

The use of summer cover crops as a means of reducing the intake of nitrogen 
by grapefruit trees during the late summer and fall has been beneficial in one 
respect in Arizona (Martin, 1940) : the trees thus treated have produced a 
higher proportion of smooth, thin-skinned fruit of high commercial quality 
than comparable trees growing in. plots not summer cover cropped. The growth 
of weeds, or at least the lack of cultivation, has been shown to be conducive to 
the production of fruit of good quality in Florida (Lenfest, 1924) . On the 
other hand, in much of the coastal region in California it is entirely imprac- 
ticable to grow a summer cover crop, because a limited .supply of irrigation 
water must be conserved during this rainless period. 
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Amount of seed to sow . — The amoimt of seed to sow per acre depends some- 
what upon such factors as the quality of the seed, the season, and the age of 
the orchard. If seed is sown at a rather unfavorable season of the year, or at a 
time that is unfavorable with respect to the irrigation interval, it may be ad- 
visable to use a greater amount than would otherwise be required. A young 
orchard in which nearly all the ground is seeded williobviously take more seed 
than an older orchard in which, at the most, only two-thirds of the land is 
planted. The seedage shown in table 37 is recommended for young orchards 


TABLE 37 

Amount op Seed op the Yahious CSover Crops to Sow per Acre* 


Crop 


Pounds 
per acre 


Annual yellow sweet clover (MtilHohui iniieai 

Canada field pea (Pxaum aroenat) 

Colorado River hemp (Seabania macroearpa) 

Common vetch (Vida aativa) 

Cowpea (Vigna unguicidata) 

Crotalaria (Crolalaria atriala) 

Egyptian clover (Trifdium dezantfrinum) 

Natal grass (TTicholaena roaea) 

Purple vetch (View alropurpurea) 

Rape (Braaaica Napua) 

Small-seeded broad bean (Vtcio Faba var. miTiw) 

Tangier pea (Lalkyrua tingitenua) 

Trieste mustard (Braaaica juncea) 

Velvet bean (ifucuna iiWWs) 

White mustard (Braaaica alha) 


25 

90 

25 

SO 

60-120 

8 

15 

6 

SO 

6 

25 

60 

5 

30 

0 


* For young orchards in which nearly all the land is planted to cover crop. Less seed 
is required per acre in older orchards, and modifications should be made accordingly. 


in which nearly 100 per cent of the land is planted to cover crops. Modifica- 
tions can be made as conditions warrant. 

Methods of sowing . — The preparation of a good seedbed is as important in 
sowing a cover crop as in growing any field or garden crop. With small-seeded 
crops such as the clovers, mustard, or rape, the seed may be sown on the well- 
prepared soil after the irrigation furrows are made. In actual practice, under 
orchard conditions, this will mean merely sowing it on the dry soil just before 
irrigation. If the irrigation water is then run in the furrows for a sufficient 
length of time to wet the surface soil thoroughly, the small seeds will settle in 
among the small lumps of wet soil and will have germinated before the soil 
can dry out. Good cover-crop stands are tlras obtained without harrowing the 
seed into the soil. Where the soil is sandy, or where the lateral movement of 
irrigation water on the surface soil is limited, it may be advisable to harrow 
the land lightly immediately after seeding and before furrowing. 

For the larger-seeded crops such as the vetches or peas, it is advisable to 
cultivate the land to a depth of two to three inches to cover the seed. This 
may be done by a disk harrow set very shallow or equijiped with rollers to 
prevent deep penetration. After this operation, the land should be furrowed 
out. The land may then be irrigated if the seed is sown during a dry period. 
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It is not commonly practicable to depend upon the rains to start the growth 
of the cover crop in arid sections. Care should be taken, however, not to use an 
excessive amount of water in starting cover-crop growth. Citrus trees may be 
injured by the application of much more water than is actually needed for tree 
growdh. 

Moisture requirements . — If a cover crop is grown in a citrus orchard in a 
semiarid region, it will be necessary to apply some irrigation water in addition 
to that which would be necessary if clean culture were maintained. The actual 
amount of extra water made necessary by winter cover cropping in the vari- 
ous citrus districts of the arid or semiarid regions wiU vary greatly. The 
factors which influence this are rainfall, humidity, temperature, soil types, 
and the particular cover crop grown. The average annual rainfall in the 
several citrus-growing districts in California, for example, varies from 3 
inches to 24 inches. The extremes of annual rainfall occurring in these dis- 
tricts have varied from 0.64 inch to 47 inches. Obviously, under such widely 
varying conditions no definite amount of water can be recommended for ap- 
plication to a cover crop. The average annual rainfall of 20.64 inches in the 
Upland, California, district may be expected to produce a good winter cover 
crop without extra irrigation water if the rains are favorably distributed. 
The rainfall in El Centro, California, however, may average only 3 inches, 
and the winter cover crop is thus almost solely dependent upon irrigation 
water. 

The average use of water in the citrus districts of southern California varies 
from 12 to 36 acre-inches or more per acre per year. A cover crop of 10 tons 
per acre may require 12 inches or more of water per acre to produce the crop. 
The probable amount of extra water necessary to grow a w'inter cover crop, 
over and above the normal water supply of the land, must be calculated with 
a knowledge of the probable rainfall, the soil type, and the usual amount of 
water required for each district. This extra water will vary all the w'ay from 
none in some districts to 18 inches in others. 

To meet the needs of the cover crop, light but frequent irrigations are best. 
Under many irrigation systems, however, it may be impossible to obtain water 
more often than every thirty days, especially during the early fall. In the 
interior valleys of California it may therefore be advisable to wait until the 
latter part of September or early October before planting, in order to avoid 
losing the crop from the excessive heat that often occurs in these sections in 
early September. For such late planting the vetches or the mustards are 
usually more .successful than melilotus clover. 

The distance between the irrigation furrows is important in preparing the 
land for a cover crop. On sandy soils the furrows should be only 18 to 30 
inches apart. On clay loams, or on soils underlain with a hardpan, the distance 
between furrows may be greater and still permit the entire surface to become 
wet when the land is irrigated. It is also desirable to malte relatively shallow 
furrows, so that the entire surface of the soil ■will become wet, the water mov- 
ing by capillary action from the furrows to the interspaces. This is essential 
if the cover crop is to be produced uniformly over the entire area of the soil. 
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Disposal of cover crop . — The decay of a cover crop in an orchard soil is 
essential to its beneficial use. To promote decomposition, it is necessary that 
the material be incorporated with damp soil. It might be considered advisable, 
therefore, to turn under a cover crop to a depth somewhat in excess of that 
provided by the shallow summer cultivation. Care should be exercised in this 
operation, however, to make sure that plowing or disking is not so deep as to 
cut many roots of the citrus trees. All orchard disks should have rollers on 
them to prevent excessively deep penetration in mellow soils (see chap, vi 
and fig. 118). It may sometimes be desirable to break down a large cover crop 
with a drag or disk before working the crop into the soil. This procedure 
makes plowing or final disking easier, and lessens the loss of water by transpi- 
ration — a result to be desired if the soil is drying out more rapidly than the 
cover crop can he turned under. 

If a winter cover crop has been planted earlj’' in the fall, it should be ready 
to turn under between the first and the middle of February, when several rain- 
storms may be expected after the plowing. This is thought desirable for the 
purpose of promoting the decomposition of the cover crop as w'ell as the down- 
ward movement of the fertilizer materials that may be applied just prior to 
plowing or disking, and also the movement of the soluble matei'ials resulting 
from the decomposition of the cover crop. 

EELATION BETWEEN COVER CROPS AND FROST 
DAMAGE TO CITRUS TREES 

In recent years there has been an increasing prejudice against the use of 
cover crops, because of the popular belief that the minimum temperature is 
lower, and hence the frost damage to citrus trees greater, in a cover-cropped 
area than in a clean-culture area. 

This problem has been the subject of a series of investigations by Young 
(1925, p. 390), who concludes that cover crops do increase the frost hazard, 
but only slightly. He compares minimum temperatures in two adjacent and 
comparable areas over a period of 24 nights in January. At a 5-foot elevation 
the unsheltered thermometers showed the cover-cropped jrlot to be colder 
than the clean-culture plot 18 nights out of 24, the difference between the plots 
ranging from -0.1° to -1.3° F. Four nights out of the 24 the cover-cropped 
plot was the warmer, with a range in the difference of from 40.1° to 40.3° F. 
On two nights there was no difference in the temperatures of the two plots. 
The average difference of -0.4° F. for the entire period indicates a high prob- 
ability that a cover-cropped ai'ea will be colder during the night than a compa- 
rable clean-culture area, although the differences in temperatures may be 
relatively small. If an orchard is already equipped with orchard heaters, the 
relation of a cover crop to frost hazard need not be given serious consideration . 
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Chapter IX 


PRINCIPLES AND METHODS OE PRUNING 

BY 

ROBERT \V. HODGSON 

C F ALL THE Orchard-management operations employed by citrus growers 
I the one least agreed upon is pruning. Current practice varies from no 
' treatment whatever to regular annual pruning, often severe. At present 
the tendency in California is toward greater regularity and miicli less severity 
of pruning. To many a citrus grower, nevertheless, pruning is still a mechan- 
ical operation, assumed to be important in some degree, and practiced in a 
more or less desultory fashion according to whatever system may happen to be 
currently in favor in his locality. 

GENERAL CONSIDERATIONS 

Definition. — In this discussion, pruning will be considered to include the 
removal of all vegetative parts, dead or alive, from the time when the tree 
is headed in the nursery row throughout its life in the orchard. 

Function md oljects. — In general, the function of pruning is to regulate 
the growth of the plant by determining the location, kind, and number of the 
shoots. The specific regulations of growth desired by the citrus pruner may 
and do vary greatly and will be discussed in some detail later. They should 
represent definite objectives. 

There is general agreement that the two primary objects of pruning citrus 
trees are (1) the establishment of a strong and well-balanced framework sj’s- 
tem and (2) the maintenance of that balance between vegetative vigor and 
fruitfulness which is conducive to the economical production of maximum 
crops of the best quality and is at the same time consistent with the main- 
tenance of tree health. 

Importance. — The achievement of the first objective obviously necessitates 
some pruning, although, as will be shown later, citrus usually needs less than 
many other fruits. In the attainment of the second objective, however, pruning 
is but one, and in all probability the lea.st in importance, of the various orchard- 
management operations. In many citrus-producing regions, properly cared-for 
trees that are on good soils and are protected again.st injury from external 
agencies can be maintained in good vigor and production for many years with 
little or no pruning; in California and Florida, at least, there are sufficient 
numbers of old, unpruned, yet high-yielding orchards to establish the fact. 

The place of pruning in orchard management. — It cannot justifiably be 
argued that pruning, even the training of young trees, is essential to the pro- 
duction of citrus fruits. Neither has it been established that under favorable 
conditions of environment pruning is of great importance or benefit. By far 
the greater part of the orchards, however, have at some time suffered from 
neglect or injury, and pruning is often a help to promoting their recovery. 

[ 411 J 
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Pruning should be looked on, therefore, as merely one of a nuinber of opera- 
tions, ordinarily to be avoided but occasionally helpful, which may he em- 
ployed in the regulation of the nutritional balance in the trees, but which, if 
emploj'ed at all, should he used sparingly and with discretion. 

SPECIAL APPLICATIONS TO CITRUS 

Including the two general objects already mentioned, the principal reasons 
for pruning citrus trees may, for convenience in discussion, be grouped imder 
several headings (appropriate methods are described in a later sectioji). 

Form . — The training of young citrus trees to a desired form is concerned, 
first, with height of head and method of establishing it, and second, with devel- 
opment of a strong and properly balanced system of framework branches. 

In the early days of the citrus industiy in both Florida and California it 
was customary to establish the heads of the trees high — at 4 or 5 feet, or even 
higher. This appears to be the natural growth habit of seedling trees in general, 
and of some of the more vigorous varieties. Aside from making easier the cul- 
tivation done near the trunks of the trees, which is relatively unimportant, 
there appears to have been little in favor of this system of heading, and in 
California and Florida at least it was long ago abandoned. The impelling cause 
for its abandonment in Florida was the disastrous freezes of the seasons of 
1894-95 and 1899, which killed many thousands of trees down to the roots and 
demonstrated conclusively that, in that state, the most effective means of pro- 
tecting young trees against freeze injury was to head them low, 12 to 18 inches 
from the ground, and to mound or bank up soil about the trunks and heads — a 
practice which has persisted ever since. In California, however, medium head- 
ing, at heights of 24 to 32 inches, gradually supplanted the older practice of 
high heading, and for many years has been the system universally used. 

The advantages of medium or low heading over high heading are numerous 
and well justified. Under the old system of high heading the trees were un- 
necessarily tall, with the obvious disadvantage of expensive costs of spraying, 
fumigation, and picking of the fruit. The lower-headed trees not only are more 
desirable as avoiding that disadvantage, but also benefit from greater natural 
protection of the trunks against fro.st and sunburn. The inconvenience to soil- 
management operations which is often mentioned as an objection to the low’- 
or medium-headed tree is easily overcome by the use of implements provided 
with extensions and shields, the latter to protect the low-hanging fruit against 
bruising. Growers can w'ell affox-d to lose the small amount of fruit -which 
bruising from tools or rubbing on the ground may render unsalable, for the 
much larger amount of high-quality fi'uit which citrus trees characteristically 
produce on the lower branches. 

Training as a means of establishing a strong and well-balanced framework 
is especially important with the lemon and vigorous, upright-growing orange 
varieties. The gi-apefruit, navel orange, and other varieties of semidrooping 
habit of growth -vvill ordinarily develop, without assistance, relatively satis- 
factory .systems of framework branches, and hence usually i-eqniro a minimum 
of training treatment. 
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Physical condition . — ^With bearing lemon trees a certain amount of pruning 
is required for the maintenance of a system of framework limbs that is com- 
pact enough to prevent breakage when the heavily laden branches are swayed 
by wind, as well as to minimize rubbing and scratching of the fruit. Although 
the unpruned lemon tree during its early bearing life will grow larger and 
bear more fruit than the pruned tree, the spreading habit of growth, together 
with the weight of terminal fruit borne by theunpinined tree, renders it much 
more subject to breakage and fruit injurj’- than the tree primed to a more 
compact form which resists better the swaying action of the wind. Moreover, 
experience indicates that, although smaller in quantitj', the fruit on the 
pruned tree usually attains picking size earlier and is of better grade, and 
hence brings a higher total return, than that from the unpruned tree. Further- 
more, the properly praiied tree requires less propping and bracing than the 
unpruned one. 

Certain orchard-management costs, including those for spraying, fumiga- 
tion, and picking, bear a direct relation to the size of the tree, especially its 
height ; the taller the tree, the greater are these costs. Hence, under certain 
conditions there is a size and height, appreciably affected by economic fac- 
tors, beyond which it is unprofitable to peraiit the trees to grow. Obvjousl.A’^ 
this varies greatly in different regions and localities and with the several citrus 
fruits; with some of them, under favorable conditions,' it does not exist at all. 
'With the lemon, however, this factor is often important, especially in relation 
to costs of picking, which are always much higher than for any of the other 
citrus fruits. It is not surprising, tlierefore, to find that many lemon growers 
consider it inadvisable and unprofitable to permit their trees to attain heights 
greater than 12 to 15 feet, which are much less than those normally reached 
by unpruned trees growing on fertile soils. (See fig. 141.) This is undoubtedly 
the sole reason for the widespread practice of pruning this tree to a relatively 
low, broad, and nearly flat form which facilitates harvesting the crops ; also 
the ehief reason, in eertain of the Italian lemon districts, for pruning the trees 
to semidwarf size. 

In arid subtropical regions in general, all citrus varieties exhibit a tendency 
to compactness of fruit- wood growth and density of foliage, as a result of 
which the interior parts receive little or no sunlight and the fruit-bearing 
shoots in the interior and under parts of the tree decline in vigor and ulti- 
mately die, with the result that the crop is produced entirely in the outer 
“shell” of fruit wood. Much of this fmit is “outside” fruit and during its 
growth and maturity is directly exposed to the weather. Numerous counts 
have shown that, witli navel varieties in particular, it is the outside fruit which 
suffers most from splitting, from large, open, and protruding navels, and from 
blemishes lowering the quality. On the other hand, the “inside” fruit is in- 
variably smoother in texture and of better average grade. It has been demon- 
strated that by pruning which permits the entrance of light in’ moderate 
amounts the presence of healthy interior fruit wood can be maintained more 
or less indefinitely, making possible the production of crops of better average 
quality. 
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Fig. 141. Large, full-bearing uni)rnned lemon tree, more tlian twenty feet in height. Costs 
of fumigation, spraying, and harve.sting are excessive. Pruning is of greater importance 
with the lemon than with most of the other citrus fruits. 


Balance between tree growth and fruiting tendencies. — The balance be- 
tween vegetative growth and fruitfulness w'hich the citrus grower desires is 
obviously that fruitfulness shall be maintained and that trees sLal l neverthe- 
less continue to make a moderate amount of growth. Growth is normally great- 
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est when the trees are young, but thereafter gradually declines until, when 
the trees are old, it may be necessary to prune them to cause new growth. 
Pruning for this purpose is often unnecessary, how'ever, and often overdone. 

As the trees age, a gradual renewal of the fruit-bearing wood may be 
brought about by removing the older and weaker parts. The lower and under 
parts are ordinarily the first to lose their usefulness, primarily from crowding 
out and shading by the higher, newer, and more vigorous parts. Eventually, 
then, the lower branches should gradually be removed, and if this is regularly 
and properly done it tends to maintain a desirable physiological balance in 
the trees. 

Facilitation of orchard operations . — Some pruning may be necessary as an 
assistance to other orchard-management operations. It must be admitted, how- 
ever, that the assumed necessity is sometimes more fancied than real, as when 
the trees are pruned up from the ground in order to make cultivation and irri- 
gation easier. The removal of lower branches, necessitated by their decline, 
will ordinarily keep the trees pruned high enough to permit easy cultivation 
underneath. 

Control of the melanose disease in Florida is practicable only when, by 
means of pruiiing, the trees are kept clear of dead and dj’ing fruit wood. In 
California, control of brown-rot disease of the lemon is materially assisted by 
pruning the trees so that the lowest branches hang a foot or so above the 
ground ; this not only reduces the pi*oportion of infected fruit, but also greatly 
facilitates spraying the ground under the trees as well as the lower-hanging 
branches and fruit. 

RELATIVE IMPORTANCE OP PRUNING IN THE DIFFERENT 
CITRUS-PRODUCING REGIONS 

In none of the citrus-producing regions can pinning properly be regarded 
as requisite to success, though doubtless in many it may often be employed 
with advantage. In general, pruning may be of greater economic importance 
where labor costs are high than where they are low, and of greater cultural 
importance in arid subtropical regions than in hiunid subtropical or tropical 
regions. Perhaps the greatest contrast occurs in orange and grapefruit prun- 
ing in Florida and in California. In Florida, virtually the only pnining justi- 
fied is the removal of dead wood for successful control of the melanose disease. 
In California, a moderate amount of opening up to encourage interior fruit- 
ing, together with some attention to I'enewal of the fruit-bearing wood, is un- 
doubtedly desirable and beneficial. In Florida, costs are low; in California 
they are high. And the growth habits of the trees differ materially in the two 
states. 

Of all the citrus fruits, the grapefruit seems to benefit least from pruning. 
Next is the orange, some varieties of which, however, notably the Washington 
Navel, respond favorably to a modei-ate amount of pruning. The lemon and 
citron appear, under all conditions, to require and benefit f I'om more pruning 
than any of the other citrus fruits. 
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SOME FACTORS RELATING TO THE CITRUS 
PRUNING PROBLEM 

THE NATTJBAL HABIT OF GROWTH 

It is the nature of most of the commercially important citrus trees to grow 
upright — a tendeney which, unless it is curbed bj’^ pruning, results in the 
production of tall, more or less columnar, trees. The major exceptions to this 
rule are the citron, some of the limes, and the Satsuma and Mediterranean 
mandarins, none of which, except the citron, appears especially to require 
pruning. It should be noted, however, that the tendency to uprightness is 
more marked in some citrus trees than in others, and is more pronounced in 
certain varieties than in others. Moreover, it varies greatly under different 
environmental conditions. 

The uprightness that is characteristic of the citrus tree is most pronouneed 
in the branches ; dominance of their terminal growing portion is commonly 
very marked (Reed and Halma, 1919). As long as the branch remains in an 
upright position, the dominance persists and the production of lateral shoots 
is either scanty or lacking. If, however, the branch assumes or is forced to 
take a horizontal position, terminal dominance ceases and the upper lateral 
buds are released into growth, with consequent development of lateral shoots 
(Halma, 1923) (fig. 142). Usually, one of the upright lateral shoots grows 
more vigorously than the others and becomes the dominant branch. It may 
grow so vigorously as not only to check the growth of the other laterals, which 
then normally become fruiting shoots and assume a horizontal position, but 
also to dwarf markedly the groivtli of that part of the parent shoot which is 
farthest from its point of origin, and thus to accomplish a natural pruning 
of the mother branch at that point (fig. 143) . What eventually causes a domi- 
nant upright branch to assume a horizontal position and yield its domi- 
nance to a daughter shoot is the weight of fruit and leaves produced on the 
smaller laterals "which it originally dominated, and of the fruit they produce 
terminally if exposed to light. AVhen the horizontal position is reached, again 
a daughter shoot assumes the dominance; and the cycle is repeated. This is the 
natural sequence of events in the growth of citrus trees — a constant renewal 
of growth from above, Avith consequent forcing downward and dwarfing of 
the older growth. The ineidtable result of this natural habit is that as the trees 
age the older and lower parts decline, not only from the divarfing influence 
already noted but also from the shading effect. Thus the loiver part of the 
trees gradually fill up with Aveak and declining AA ood until the density becomes 
so great that pruning must be resorted to. And eventually, for reasons already 
noted, it becomes necessary to remoA^e the AA’orn-out loAA'er branches. It is this 
groAvth habit that has given rise to the genei-al principle of “undercutting” in 
citrus pruning. 

The vigor of groAvth of the upright shoots, as well as their occurrence, varies 
greatly with the several varieties and under different climatic conditions. 
Moreover, it is influenced materially by the age and vigor of the tree and by 
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their relative position in the tree. Under given conditions, they are apparently 
most vigorous in the lemon, and, next in order, in the Valencia orange, the 
navel orange, and the grapefruit. Perhaps the greatest differences in this 
re-stjeet, however, relate to climatic conditions. In regions of w’ide seasonal and 



rig. 142. Lateral branch development on a vigorous orange shoot held in the horizontal 
position inside a young tree. 'I'he absence of light in the proximal portion of the branch 
has resulted in tlie growth of vigorous upright vegetative shoots, hnorvn itopularly as 
“riders.” 

daily ranges in temperature, such a.s occur in the great interior valley and 
desert areas of California, tlie vigor of the.se .shoots is most pronounced, much 
more .so than in regions of more equable climate ; and in young trees especially, 
their rapid growth, usually to a di-stanee of .several feet, and the unshapely 
form resulting therefrom, often perplex the growers, some of whom are in- 
clined to remove them by pruning. Although, as will be shown later, there may 
be occasion to remove some of them, no greater mistake can be made than to 
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keep the trees free from them entirely. Under the conditions described, this is 
the natural iray in which the trees increase in size. 

Moreover, the vigor of growth of these shoots is more or less proportional 
to the age and vigor of the parent trees. They are most vigorous in young 



Fig. 143. A lateral danghter orange branch (“rider”) iThich has assumed domiiiancy and 
is dwarfing tlie terininal portion of the mother branch. Its weight of foliage, developed by 
exposure to light, is causing it to assume a horizontal position. It will be observed that the 
lateral shoots are on the upper side of the daughter branch. 

trees, hut as the growth tendency declines with age, so does the ingor of these 
shoots, mitil eventually they no longer occur unless pniniug is resorted to. In 
general, the larger the branch on which they arise, the greater is their vigor 
(fig. 144) . It has long been recognized that shoots of this kind, commonly 
known as “water sprouts,” which are pi-oduced on the trunk or main branches 
are much more vigorous and extend much farther than those which arise on the 
smaller branches. The facts are that these shoots, irre.speetive of position, eon- 



Pruning: Principles and Methods 419 



Fig. 144. A vigorous vegetative shoot (“sucker”) arising from below the head of the tree. 
Its removal while stiU small would have been advisable, but at the stage shown it is probably 
better to leave it but keep it under control, though the result may be an unshapely, lopsided 
tree for several years to come. If uncontrolled, it may develop a “two-story” top to the tree. 
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timie to extend until they -reaeli the sunlight, and that the vigor of the shoot is 
in direct proportion to the distance it must go. Wlien sunlight is reached, how- 
ever, extension stops and terminal brandling ensues, the eventual result of 
which is the production of fruit wood and fruit. If nothing prevents, the weight 
of the fruit bends these branches over, the production of lateral fruit-bearing 
shoots then occurs, and these effeetivelj’’ transform the water sprout to a fruit- 
ful branch. (See fig. 143.) The maintenance of a proper light relation in the 
tree, often possible only by means of pruning, is a valuable means Avhereby 
such growths eau be controlled and utilized. 

THE CARBOHYDEATE-NITEOGEN BALANCE 

In the absence of deterrent factors, the balance in the plant between growth 
and fruitfulness seems mainly to he some relation betw’een carbohydrates and 
nitrogenous compounds. With reference to this relation all plants have been 
placed in four general groups (Kraus and Ivraybill, 1918) . Two of the groups 
represent conditions of disease induced by deficiency; the other two, condi- 
tions of health but of differing vegetative and fruiting tendencies. 

Plants which exhibit either earboh 5 'drate deficiency or nitrogen starvation 
are obviouslj* unable to gi-ow or fruit normally. On the other hand, plants 
with a plentiful nitrogen supply and high carbon assimilation are found to 
make a moderate amount of growth and yet hear satisfactory crops. This 
physiological condition, often referred to as optimum fruitfulness, is mani- 
festly of interest to the fruitgrower. Plants which have plenty of nitrogen 
available, but which manufacture carbohydrates in moderate amounts only, 
are found to make vegetative growdh at the expense of fruit production — a 
physiological condition generally refeiTedto as vegetative growth. The essen- 
tial difference between these two conditions appears to relate to the storage 
of carbohydrate reser\'es : if carbohydrates are sufficient in amount to provide 
for storage, fruit-hud differentiation oeeui’s and the plajits are fruitful ; if 
not, vegetative growth continues. 

Although it may be argued that these relations have not yet been established 
experimentally for citrus trees, the fact remains that the carbohydrate- 
nitrogen hypothesis seiwes to explain many of the facts observed in the be- 
havior of citrus trees, and especially their responses to pruning. Thus, it has 
long been obsem^ed that newly planted trees are for the first few years vegeta- 
tive, a condition which is most marked wdiere the soil is high in fertility. As 
carbon assimilation increases, however, with the ever-expanding leaf surface 
of the rapidly growing trees, eventually a storage of reserves occurs and the 
physiological condition of tlie trees changes from that of vegetative growth 
to that of optimum fruitfulness. And it has long been known that when the soil 
fertility is exhausted, after some years of bearing, the yield and vigor of the 
trees decline — a condition which can usually be remedied or prevented by 
resorting to the u,se of nitrogenous fertilizers. 

Again, it has been .shown conclusively that pruning young trees merely 
delays their coming into bearing, ■whereas severe pruning of young bearing 
trees often throws them out of the bearing condition. In the one case, the vege- 
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tative physiological eonditiou is accentuated; in the other, the recently at- 
tained physiological condition of optimum fruitfulness is changed to the 
vegetative state. Moreover, there can be little question that the “water-sprout” 
shoot is merely a branch in a vegetative physiological condition induced by 
lack of light enough to favor photosynthetic activity. On reaching the sunlight 
its physiological condition is changed, with the results already described. 

There is therefore reason to believe that the general carbohydrate-nitrogen 
balance in the citrus tree is importantly related to its responses to pruning. 

SOME EFFECTS OF PRUNING ON CITRUS 
TREES AND SHOOTS 

Certain effects, both general and specific, which result from the pruning of 
citrus trees and shoots in California have long been recognized by observant 
growers and pruners. Experimental work, however, was not undertaken until 
about twenty-five years ago. Within recent years data have been accumulated 
which demonstrate eonclusivelj’’ that, in genera], pruning is markedly depres- 
sive to growth and fruitfulness in citrus ti’ees, and that the diminution is ap- 
proximately proportional to the severity of the treatment. This has been shown 
to hold for young lemon trees, young-bearing orange and lemon trees, and 
healthy full-bearing orange, lemon, and grapefruit trees. It is impossible to 
escape the general conclusion that pnining as applied to young and bearing 
citrus trees reduces both growth and yield and that, if practiced at all, it 
should be applied in moderation and with discretion. A few only of the typical 
results obtained will be referred to here ; references are given to the results 
of additional experiments. 

Effects on young trees . — The most extensive and valuable studies of the 
effects of pruning on young citrus trees in California are those conducted on 
Lisbon lemon trees by Blanchard (1930, 1932). The results obtained from 
only one of his experiments will be presented and discussed (1930) . For this 
experiment there were six plots, each composed of seven trees, all remarkably 
alike and growing on a nearly flat piece of fertile soil near Santa Paula. At 
the time the experiment was started, the trees had made two season’s growth 
and, except for a slight amount of ti’aining, had not been pruned. The first 
pruning was given in the early part of the third season after planting, and 
for six years differential pruning treatments were applied to the two sets of 
three plots. One set received very light Heatment, consisting only of thinning 
and pinching. The other received for three years the standard pruning treat- 
ment formerly almost uiiivei-sal in California, which consisted of heading 
back some of the vigorous upright shoots and removing others, together with 
eliminating the small hanging branchlets. Beginning with the sixth season 
this set was pruned somewhat less. A summary of the production for the dura- 
tion of the experiment is given in table 38 (p. 422). 

The marked decrease in yield resnlting from the more severe yet standard 
pruning practice is clearly shown by the difference of 6,677 pounds of lemons 
for the six-year period reported. The rate of deei’ease is slightly more than 
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4,000 pounds per acre per year. Moreover, from the third year on, the lightly 
pruned trees were distinctly larger in both volume of top and size of trunk 
than the standard pruned trees. 

There can be little question that California citrus growers, especially lemon 
growers, have suffered important losses of fruit and materially delayed the 
growth of their trees by pruning young trees too severely. (See discussion of 
effects on fruit quality, p. 425.) 


TABLE 38 


Summary or Yields im a Peujiiks Experiment on Young Lemon Trees 


Plot 

! 1926 

lfl27 

1926 

1929 

1930 

' 1931 

Total 


StAudard pruning treatment 


Average yield per plot of seven trees each (pounds) 


Plot! 

187 

597 

1.032 

1 

' 1.305 

1,356 

1 3.00S 

7,485 

Plot 2 

255 

623 

1,110 

1 1,349 1 

1,532 

3.115 

7.084 

Plot 3 

2S7 

638 

1,081 

1.392 

1,837 

1 3.034 

8,260 

Total 

729 

1t£58 

3.223 

4.046 

4,725 

' 0,157 

23,738 


Light pruning treatment 


Average yield per plot of seven trees each (pounds) 


Plot 4 

! 587 

825 ! 

1.271 

1.443 

1.736 ■ 

i 

3,337 

0.109 

Plot 5 

741 

1.014 

1.519 

1,719 

2.113 

3,930 

11.036 

Plot 6 

536 

802 

1,504 

1.704 

2.197 

3,437 

10.180 

Total 

1,864 

2,641 

4 204 

4.866 ' 

! 6,046 

10,704 

30,415 

DifTerence 

1 1.135 

783 

1.071 

820 

1 1,321 

1,547 

6,677 


Effects on young-bearing trees . — That the depressing effects of severe prun- 
ing persist as the trees age and come into bearing has been equally well demon- 
strated in the lemon-pruning experiment conducted by H. S. Eeed and F. F. 
Halma at the Citrus Experiment Station at Riverside, California. In this 
experiment, pairs of plots, each of five trees, were pruned according to four 
widely used systems of pruning, which differed mainly in the amount of 
growth removed, although to some degree also in the frequency and manner of 
removal. Control plots on which no pruning was done were also maintained. 
The results resemble those cited in table 38 : the yield and size of tree con- 
sistently varied in inveree relation to the severity and frequency of pruning. 
The impruned trees were the largest and produced the most fruit; the most 
severely and most frequently pruned trees were smallest and yielded the least 
fruit.' It appears, although data are not available to support the conclusion, 
that the trees recei^ung moderate and regular pruning treatment produced 
* The data have not yet been released for publication. 
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the most profitable crops. It should also be mentioned that prevalence of Avind 
affected the experiment. 

Effects on full-hearing trees . — The effects of pruning full-bearing trees have 
been studied by Shamel and associates with the Washington Navel orange 
(1919, 1925, 1927, 1929, and 1942), the Eureka lemon (1920a and 1933), and 
the Marsh gi’apefruit (19206) ; by Cameron and Hodgson (1941, 1943) with 
the navel and Valencia oranges, the Eureka lemon, and the Marsh grapefruit ; 
and by Reed (1917) and Surr (1919) with the navel orange. All the results 
haA-^e been more or less similar, depending on the nature and amount of the 
pruning applied. Only one of Shamel’s experiments will be reviewed. On 


TABLE 39 

Average Yields, in Pounds per Tree, op Pruned and Unpruned Navel Orange Trees 

(Experiment begun in 1914) 


Plot 

no. 

1915 

1916 

1917 

Period, 1016-1020 

Pruned 

TJnpruned 

Pruned 

Unpruned 

Pruned 

Unpruned 

Pruned 

Unpruned 

Loss 

(percent) 

1 

187 4 

247 2 

89 0 

104.2 

232.2 

223.7 

213.4 

217.2 

moi 

2 

207.5 

263.4 


107 8 

265.6 

242 2 

225.6 

228.4 


3 

233.2 

274.3 

08.2 

144.4 

227.3 

238.1 

213.1 

236.1 

jRfl 

4 

152.8 

265.6 

01.9 

145.5 

218 4 



230.6 


3 

231.1 

265.3 

107 7 

132.4 

206.3 

201.6 

210.0 



0 

150.1 

2S0 9 

101. s 

147.8 

231 8 

194.4 

230.4 

212.0 


Avg. 

193.7 

201.1 

94.4 

130.3 

230.2 

217,8 

217,0 

224.3 

-2.00 


Washington Navel orange trees twelve years old at the time the pruning was 
begun, pruning, from moderate to severe, by six commercial pruners was com- 
pared Avith no pruning. The first pruning by each pruner, in 1914, was more 
seA'ere than any subsequent one. Plot 6 Avas pruned but once, OAving to the 
death of the pruner. The other plots were pruned lightly or not at all after 
the original pruning until, in 1918, they received a moderate treatment; after 
that, with the exception of plots 2 and 4, they were not regularly pruned. In 
1929 the dead Avood was removed from the pruned trees. The unpruned trees 
were not so treated. The average yields for the first three years of the experi- 
ment and for the fifteen-year period, 1915-1929 inclusive, are given in table 39 
(data from Shamel, 1927 and 1929). 

It will be observed that during the first two years of the experiment all the 
pruned plots, as compared with the unpruned plots, .showed decreased produc- 
tion, sometimes as much as 100 pounds per tree. By the end of the third year, 
howeA'^er, in five of the six plots the pruned trees had passed the unpruned 
trees in yield, though the differences do not appear to be significant. After 
the moderate pruning of 1918, the pruned trees again yielded less than the 
unpruned trees ; but within a few seasons they regained their relative posi- 
tion, and for the rest of the period their yields seem not to liaA^e differed sig- 
nificantly from those of the uupruned trees, though the average for the fifteen 
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years was 3 per cent less fruit. A more recent and inucli more extensive experi- 
ment gave similar results (Shamel and Pomeroy, 1942). 

The experiment conducted by Cameron and Hodgson was concerned with 
the rate of top regeneration during the two-year period following three de- 
grees of severity of pruning, which ranged from deheading to skeletonization. 
It was concluded that rate of top regeneration and resumption of bearing was 
inversely proportional to the severity of pruning. 


TABLE 40 

Average Yields, in Pounds per Thee, op Old Orange Trees Given 
One Light or Heavy Pruning* 


Year 

FrucuQg 

Plotl 

74 trees 

Plot 2 

80 trees 

Plots 

76 trees 

Plot 4 

80 trees 

Plot 5 

84 trees 

Plots 

70 trees 


Light 

157 

161 

160 

165 

140 

104 

1916 

Heavy 

70 

88 

83 

82 

68 

63 


Difference 

87 

1 ^ 

77 

S3 

72 

41 


Light 

164 

1 133 

120 

1 112 

89 

1 79 

1917 

Heavy 

136 

127 

116 

82 

74 

64 


1 Difference 

1 

6 

4 

30 


13 


' Light 

62 

56 

54 

58 

59 

55 

19IS 

He»vy 

46 ' 

52 

4U 

47 

45 

52 


Difference 

6 

4 

14 

u 

14 

3 


Light 

155 

140 

149 

146 


155 

1919 

Heavy 

128 

117 

139 

145 


154 


Difference 

27 

23 

10 

1 


1 



528 

490 

483 

481 

441 

393 

Total 

Heavy 

380 


378 

356 

333 

333 


Difference 

148 

m 

105 

125 

108 

60 


* Adapted from Surr (1919). 


In the experiments reported by Reed (1917) and by Surr (1919) , the trees 
were much older — 24 years at the time of first pruning. P’or many years they 
had received little or no pruning and, at the time the experiment was begun, 
were in poor condition. Two kinds of pruning were compared, light and heavy, 
varying mainly in degree rather than in type. The lightly pruned trees were 
merely opened up by the removal of some of the branches. The heavily pruned 
trees were also reduced somewhat in height and their tops were opened up 
more. Only one differential pruning was given, after which the trees all re- 
ceived similar treatment, which consisted of a light annual thinning. Typical 
results from a part of the experiment are given in table 40. 

Here again it will be noted that the principal reduction in yield occurred 
the first season after the pruning and that thereafter the difference tended 
rapidly to disappear. At the end of the four-year period, however, the heavily 
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pruned trees still averaged lower in yield than the lightly pruned trees, al- 
though the diflerenees were no longer to be regarded as signilieant. Examina- 
tion of the trees a year after pruning disclosed a larger amount of inside fruit 
wood in the heavily pruned trees than in the others — a condition which ap- 
peared to persist throughout the experiment, and which suggests that had 
the experiment continued longer the heavily pruned trees might eventually 
have surpassed the lightly pruned trees in yield and in better-quality fruit. 

Of the general effect of pruning on citrus trees there can therefore be no 
question. Whether the trees be young or old, provided they are still in reason- 
able vigor, pruning is repressive of both growth and fruitfulness in almost 
direct proportion to the severity and frequency of the treatment. 

Effects on fruit quality . — In several of the expei’iments cited, observations 
were made of the effects of pruning on fimit. Its influence on size is not clear. 
Shamel (1919 and 1925) reports no significant difference in size of fruit on 
the pruned and unpruned navel orange trees; but Surr (1919) reports that, 
the first season after pruning, the heavily pruned trees, with about half as 
much crop, produced markedly larger fruit than the lightly pruned trees, 
although this effect did not persist thereafter. It appears, therefore, that 
pruning may or may not affect the size of the fruit. The decisive factor appears 
to be the relation between the vigor of the trees and the amount of fruit they 
carry. 

Pruning undoubtedly hastens the growth of lemons to picking size, and has 
long been a commercial orchard practice. Confirmatory evidence is cited by 
Shamel (1920fl), who found that the average time between bloom and the 
attainment of a commercial picking size was nine months for lemons on pruned 
trees, as compared with eleven months on unprnned. Moreover, in his experi- 
ment he found that more fruit ripened before reaching picking size on the 
unpruned than on the pruned trees, an observation in agreement with the 
general belief of growers and packing-house managers. 

The relation between pruning and the grade of the fruit, especially of 
lemons in windswept areas, has already been referred to. Although few experi- 
mental data are available to support this conclusion, there can be little ques- 
tion that the crops of unpruned trees, though they may be larger, often grade 
lower than those produced on pruned trees. 

Effects of heading and thinning . — ^The pronounced differences in the growth 
responses produced by heading and thinning have long been recognized by 
citrus pruners and have been utilized in pruning practice. Indeed, all systems 
of pruning can be reduced to one or the other of these practices or to combina- 
tions of them, and a knowledge of their effects and i-esponses is invaluable to 
good pruning practice. 

The upright vegetative growth whicli chaiucterizes one of the stages in the 
normal growth cycle of citrus .slioots has already been described. How to con- 
trol and utilize these growths is often the main problem for the citrus pruner. 
It has been pointed out that if exposure to light is favorable, these shoots if 
left alone will ultimately assume a desirable position and become useful fimit- 
bearing parts of the tree. In young trees, however, and inider conditions of 
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accentuated vegetative vigor, growers are often xmwilling to let them eom- 
plete the normal growth cycle. It may, indeed, be inadvisable. In either event, 
there are only three methods by which they may be controlled : elimination, 
heading, or thinning. Heading, often referred to as “stubbing,” means remov- 
ing the terminal part of the ^oot; the part remaining then ends with a cut. 
Thinning means removing parts of the branch, either laterals or terminals, 
in such a way as always to leave some terminal growth, whether it be the origi- 
nal terminal or a new one created by shortening into an already existing 
lateral. Obvionsiy, thinning can be applied only to a branching shoot; Lead- 
ing can be applied whether or not the shoot is unbranehed. 

The effects of these two practices on the pruned shoot differ, and can best 
be undei'stood by reference to certain of the physiological faetore pre>*iously 
discussed and to work done by Halma fl926) and Elsawj’ (1927). It has long 
been recognized that when a citrus shoot is headed, new growth is produced 
only from buds close to the point of cutting. Commonly four or five shoots 
develop, one or two of which, usually the uppermost, outgrow the others and 
continue to extend vigorously. Eventually the most vigorous shoot becomes 
the new terminal and the otliei-s become lateral branch^. Halma has shown 
that growth occurs only from the terminal buds because of some physiological 
influence exerted by the praning. the effect of which is greatest near the point 
of cutting, and that the suppression of the shoots which later become laterals 
is caused by the dominance of the slioot which becomes the new terminal. 
Elsawy, studying the same response in the pear, has shown that the change 
probably causing this behavior is the conversion of the earbohydi’ates into 
soluble forms, which is most pronounced near the point of wounding. What- 
ever the cause and attendant phenomena may be, tlie heading process mark- 
edly accentuates the vegetative tendency in the shoot so treated. 

The effect of thinning is very different. The resulting growth is much le-ss 
vigorous and is better distributed. Xone of the buds are given the vigorous 
stimulus to growth which occurs in heading, and the physiological tendency 
or condition of the thinned branch is certainly much less affected. 

Obvionsiy, therefore, heading is the more wasteful practice to employ, since 
lateral fruit-bearing shoots are produced only at the expense of removing a 
sizable amount of growth, and for each new set of laterals heading must again 
be resorted to (fig. 145). Hence it shonld be avoided. Its exten-sive use in the 
pruning of citrus trees in the past, in California at least, has resulted in great 
loss to citrus growers. 

CITRUS PEUNIXG PROBLEiLS AXD PRACTICES 

Problems and practices vary with age of tree, variety, condition of vigor, 
climatic and soil environment, and other particulars. The-se will be disctus-sed 
first in the sequence in which they usually ocenr, and second with reference 
to special conditions which oeeasionaUy develop. 

Pruning is essentially a tree-by-tree problem, and shonld so be regarded. 
Ko two trees are ever exactly alike ; hence, the common practice of applying 
one over-all praning progi*am cannot reasonably be expected to yield satis- 
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factory results. The pruner should first master the underlying principles, so 
far as thej"^ have been established, and then study each tree as he comes to it. 
Parts should be removed only when a definite and valid reason exists for the 
removal. Many trees will need little or no pruning ; others will obviously need 
treatment. The indiscriminate removal of a certain amount of the growth, 
regardless of the condition of the tree and its needs, cannot be too strongly 
condemned. This practice is altogether too common and has undoubtedly re- 



Fig. 145. Young lemon tree pruned liy heading back, which con- 
fines fruit production to the lower part of the tree hut also keeps 
the top of the tree filled with vegetative growth. It is decidedly 
repressive to both growth and fruitfulness, and wasteful of 
growth. 

suited in important losses. Moreover, the pruner should not be hasty in his 
judgment. A branch removed cannot easily be replaced. If doubt arises, the 
safest pz’ocedure is to let it alone. There will always be valid and intelligent 
differences of opinion over the details of pruning, and the time will never 
come when two equally proficient primers will prune exactly alike. For- 
tunately, in nature there is rarely only one best method to pursue. Usually 
there are a number of alternatives which in the long run will produce approxi- 
mately the same result, whether good or bad. 

THE NOEMAE SEQUENCE IN NEED FOE PEUNING 

Pruning the young tree . — ^In pruning the young citrus tree the two prin- 
cipal problems are establishing the head and developing a strong, well- 
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balanced sj'stem of framework branches. Most citrus trees come from the 
nursery with the lieads already established at whateyer height the purchaser 
may have designated, if the trees were grown under contract, or at the height 
commonly used in the locality in which the trees were grown. Unless the con- 
ditions and distance of shipment, and the pest-control treatment which may 
be required, render it inadmsable, the heads, if properly handled at the time 
of planting, can be maintained in the orchard ; indeed, this is the usual prac- 
tice. AVhere the trees are shipped long distances, however, and sub,iected to 
fumigation or dipping, it is often advisable to establish new heads after plant- 
ing in the orchard ; the trees are then merely cut back to an inch or two above 
the desired height and the new head is developed from the best-spaced four 
or five shoots that develop below the point of heading. When these shoots have 
reached a length of twelve to fifteen inches, at which time they ordinarily 
begin to droop and assume the horizontal position, they in turn should be 
headed, for the dual purpose, first, of providing rigidity of upright position 
for the scaffold branches, and second, of causing them to divide or branch. 
Xui’sery-grown trees are ordinarily at this stage of development when they 
are dug and transplanted to the orchard. 

When citrus shoots are headed, usually it is only the buds close to the point 
of heading that will grow. This growth response makes it extremely difficult, 
in fact often impossible, to space the scaffold limbs more than a very few 
inches apart — which is the rea.son why the heads of citrus trees differ so much 
in this respect from those of other trees. But although this is theoretically 
objectionable, it is ordinarily of little practical importance for the reason that 
the scaffold branches are usually developed after the trees are planted and 
do not arise from the main trunk hut come from the laterals resulting from the 
original heading. 

In the training of the young tree two considerations are of primary impor- 
tance; first, the prevention of the growth of too many scaffold limbs, and 
second, the spacing of these so as to prevent crowding in later years. With the 
lemon and certain strong- growing A'arieties of the orange, especially in hot, 
arid regions, these matters require attention or the trees are likely to develop 
long, weakly attached, and undesirable scaffold limbs which later eaitse the 
trees to spread and render them especially subject to wind injury (fig. 146). 
On the other hand, no greater mistake can be made than to prune off all these 
branches, since they proAude the natural means by AA-hich the trees increase in 
size (figs. 147 and 148) ; exce.ssive pruning avuII suppress desired growth. 
Objectionable or extra shoots of this kind should be removed by priming or 
pinching before they have attained large .size. With the lemon in particular 
it is sometimes necessary to .shorten these parts, in which event they should, 
Avhere possible, be cut back to laterals. 

Among the commonest mistakes made in the pruning of young trees is the 
cutting off of the small drooping lateral branches arising from the original 
head. It is on these parts that the early crops are producing (see fig. 146), and 
to cut them off not only dwarfs the trees but also delays their coming into 
bearing. 
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rig. Ii6. The characteristic growth of primary scaffold limbs 
in young Valencia orange trees in hot regions, when too many 
vegetative shoots are allowed to remain. In this illustration are 
shown strikingly (1) the fruiting habit of the small, pendant 
branches in young trees, (2) the dwarfing effect exercised by the 
vigorous upright daughter shoot on the terminal portion of the 
mother branch, and (.3) the excessive growth in length made by 
vegetative shoots where they are slmded (caused here by crowd- 
ing)- 

Aside from these considerations, ■which ordinarily can be accomplished ■with 
very little pruning, there is little need or justification for pruning young citrus 
trees. 

Pruning the hearing tree . — During the early hearing years, the little prun- 
ing I'etpiired will consist mainly in removing water sprouts from the ■trunk and 
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framework tranches and, in the lemon especially, the most ^ngorons and poorly 
situated “riders” which occur on the outer parts of the trees. Again, it is 
clearly a mistake to remove all these shoots; only those which manifestly are 
too vigorous or poorly placed should be eliminated. 

As the trees reach full-bearing age, the conditions begin to develop which 
require more attention to pruning. TPith the orange and grapefruit, ordi- 



Fig. 147, Severely and regularly pruned young Valencia orange 
tree. Gron-th has iK'en suppressed hy excessive pruning, which 
consisted in the removal of all vegetative shoots. See figure 148 
for comparison. 

narily the first of these to occur is density of growth and consequent decline of 
the older interior bearing wood in the lower parts of the tree, a condition which 
thereafter reqnires attention. Solution of this problem requires the annual 
removal of the oldest and most useless of these parts, together with a judicious 
thinning of the rest. The removal of the declining or worn-out lower branches 
can best be done by cutting from beneath, leaving the upper and newer parts 
to replace the ones removed — a practice popularly refen’ed to as “undercut- 
ting.” In this way the bearing efiieiency of the lower part of the tree can be 
maintained almost indefinitelj'. 



Pruning; Principles and Methods 


431 



Fig. 148. TJiiprinied yoniig Valencia orange tree of the same age as that shown 
in figure 147. The growth of this tree should have been controlled by light pruning 
or pinching. 


With the lemon, one of the first conditions to develop -vvliicli requires prun- 
ing, in addition to that just discussed, is the spreading and drooping of the 
upper branches, which arises from the natural habit of growth and the weight 
of the fruit. Unless these branches are reduced in length, the inevitable result 
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is a large, spreading tree subject to the objections already discussed. The only 
way to prevent it is to shorten the most vigorous of these branches by cutting 
to laterals ; if this is regularly and properly done, it accomplishes not only the 
development of a low-spreading, compact form, but also the periodic renewal 
of the bearing wood in the upper part of the tree. On the other hand, if an 
attempt is made to solve the problem by heading back or “sheai’ing,” the condi- 
tion is only made worse ; the top of the tree becomes filled with vigorous vegeta- 
tive shoots which not only do not bear, but also shade and stunt the growth in 
the lower part of the tree. 

As the trees grow older — orange and grapefruit especially — it becomes 
inereasinglj^ necessary to thin the outer “shell” of foliage and thus permit the 
entrance of sunlight for the purpose of encouraging the development of fruit 
wood on the interior parts. Opinions differ concerning the best means ; most 
favored is a light annual thinning. It is clearly a mistake to thin by removing 
large branches in the tops of the trees ; this not only exposes the framework 
branches to sunburn, but also generally fails because the vigorous growth 
stimulated in the vicinity of the cuts soon fills up the “holes” made. 

It also becomes increasing!}'’ advisable, as the trees age, to renew gradually 
the fruit-bearing wood in the upper parts, especially in orange and grapefruit 
trees where the renewal is not normally accomplished by shortening the 
branches. This can best be done at the same time that the outer growth is 
thinned, by gradually removing the small older termiiral branches in the upper 
part of the tree. In the lo’wer part, it is of course doire by thinning and remov- 
ing the declining branches. As the older branches are forced down by the 
weight of the fruit and gi-owth above, it becomes desirable to “raise” the trees, 
which is accomplished by the removal of these branches by “undercutting.” 

Practices to avoid; summary . — There is nothing to justify the heavy or 
severe pruning of normal healthy trees; injury and loss resulting therefrom 
have been amply demonstrated. Heading back or “stubbing” is rarely pro- 
ductive of benefit ; it should most assuredly be employed with caution. “Shear- 
ing” and “topping” are merely bidk applications of beading and hence are 
equally objectionable. “Undercutting” young trees results in lessened and 
slower bearing; it should not be practiced. Opening the tops of bearing trees 
b}' removing large branches is a dangerous and ill-advised practice. Wounds 
should not be made improperly, nor should stubs be left ; these are not only 
evidences of poor workmanship, but also productive of undesirable results. 
AH cuts should be made close to the parent limb, and if possible in the vertical 
plane, as the wounds then heal over more rapidly. Stubs should never be left, 
as invariably from them will arise clumps of vegetative shoots, often referred 
to as “sucker nests,” which will later require removing. 

SPECIAL PRUNING PROBLEMS 

The discussion thus far has assumed that the trees have been well cared 
for, in pinning as in other respects. But neglect or injury may have done 
damage that pruning will help correct. A .single pruning will rarely do. To 
bring the trees back into good condition will require a number of prunings 




Pig. 149. Chiinging from heading-back pruning of lemons to thinning. 
The most vigorous and undesirably placed shoots are removed. The others 
are left until they produce laterals when they are shortoned-in, or not, 
as conditions may ivarrant. 


for a distribution of response throughout the tree, the making of numerous 
small cuts and the removal at any one time of only a small amount of growth. 

Changing from heading to thinning . — Changing from a heading-back sys- 
tem to one of thimiing — a method of treatment applicable only to lemon trees 
—usually requires a number of prunings distributed over several seasons. At 
the first pruning only the most vigorous vegetative shoots should be removed, 
but care should be taken to make the cuts close to the parent limbs in order to 
minimize the subsequent production of similar shoots (fig. 149). At each suc- 
cessive pruning the less vigorous vegetative shoots should be left. The resulting 
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growth win then hecome less vegetative Tintil the trees are finally in good 
balance. Occasionally it will be necessary to leave rather vdgorons shoots, but, 
where possible, these should be shortened-in to laterals. If laterals are not 
present it is not advisable to resort to heading back. Allowing these shoots to 
go unpruned for a few months will expectably result in a growth of laterals 
that can be used later in the shortening-in process. Once the trees are in bal- 
ance again, the usual pinning -will suflSee to keep them in good condition. 

Seducing oversized trees. — ^With lemons, this problem usually relates both 
to reduction in height and shortening-in of the long, spreading, more or less 
horizontal parts. With the orange, it usually means lowering the tree height — 
which in the Valencia variety results from the upright habit of growth, and 
in the navel from the development of a second and higher top when a strong- 
growing water-sprout branch becomes dominant. With the lemon and Valen- 
cia orange, or other varieties of similar growth, it means the shortening-in of 
the long parts, cutting always to laterals, however. The removal of some of the 
older and least vigorous branches may also be advisable, but should be done 
with caution. Too much cutting at any one pruning may result in the produc- 
tion of a large amount of vegetative growth which, unless thinned, will eventu- 
ally produce a similar undesirable condition. If the pruning is done properly, 
hoAvever, the trees can be maintained in good balance aud still be materially 
reduced in height or size. 

The “two-storj-” or “sucker-top” navel orange tree presents a difficult prob- 
lem. (See fig. 144, p. 419.) If the water-sprout limb is large and occurs in 
the upper part of the tree, it is probably best to limit the pruning to merely 
shortening-in the terminal growth as far as is practicable. If the limb is not 
too large and the tree is comparatively young, it may sometimes be removed 
with advantage, especially if other upright framework limbs are available. 
To remove large “sucker tops” from old trees, howev'er, is usually a mistake, 
since the condition resulting is often as bad as the original condition, or worse. 

Pruning neglected trees. — ^When the adverse condition is merely of im- 
paired vigor resulting from neglect, it is always advisable, before resorting to 
pruning, to remedy the conditions that have caused the decline. Usually, a 
season or two must lapse before the natural recovery will occur. In general, 
therefore, it is inadvisable to do much pruning when diminished vigor of the 
trees is the’ only undesirable condition. And it should be remembered that 
the heavy pruning of neglected ti’ees which many growers have practiced — 
and which, it must be admitted, often appears to be the logical treatment — ^has 
resulted in injury and lowered yield. 

It is, of course, not injurious to remove the dead wood from neglected trees, 
and a moderate amount of undercutting and thinning to remove dead or 
declining growth may sometimes be advisable. 

When neglected trees have been restored to normal vigor, it becomes impor- 
tant gradually to eliminate the old and declining parts in order to provide 
for the maintenance of health and vigor in the new growth. 

Pruning for rejuvenation. — ^Pruning for the rejuvenation of old citrus trees 
is a practice not yet widely applied in Califoniia. Old-age decline of citrus 
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trees is as yet rare in the citrus orehatds of this state. Some old and unproduc- 
tive trees have, however, benefited from pruning — indicating that pruning 
for rejuvenation may assume imporf anee in the future. 

In Spain, Italy, and elsewhere, renewal of the tree tops has been brought 
about by decapitation, sometimes referred to as “deheading,” an extreme 



Fig. 150. A skeletonizccl Wasliington Navel orange tree. This metliocl 
of pruning results in rapid regeneration of new top and resuniption of 
fruiting. See figures 151 and 152. 


measure which, unless carefully followed up, is sure to result in aii undesirable 
framework, and which will delay for some time the resumption of profitable 
bearing (Cameron and Hodgson, 1941). 

In California, a method is employed that may be called “skeletonization.” 
The entire outer shell of growth and all branches less than an inch in diameter 
are removed; what remains is the now skeleton-like framework system (fig. 
150). As this is thinned and reduced in height bj'- the elimination of the up- 
right branches in the tops, what then remains is the simplest possible skeleton 
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on wMeli to build an entirely new fruiting system. The growth response to 
this treatment is distributed through the entire system of framework branches 
instead of localized in some parts of tlie tree, aiid as a re.sult the growth that 



Fig. liil. 'VVnsliingto7i Navel orange tree skeletonized in PebruiU'v, 
] 11.39. PluitogrM])lied in April, 1940. Note eliaracter of growth and 
amount of bloom. 8ee ligures 150 and 152. 


puts out is usually not markedly vegetative, and soon, ordinarily within a 
season or two, becomes fruitful (Cameron and Hodgson, 1941) (figs. 151 and 
152) . Although this system necessitates more cuts and requires more time and 
consequently is more expensive than deheading, the additional cost is much 
more than otfset by the quick recovery and resumption of bearing. 




Fig. 15:2. Wiisliingtoii Nnvel oraiigo trco skcli'touizad in I'chriiiiry, 

1939. Pliotogi'iipliod in Jiimian-, 1911. Kotc tlin croi), 1 wo vcnrs after 
pruning. Seo figures 1.10 and 151. 

a.s the frost is over is a mistake, siiiee one eaiiiiot (leteriiiiiic then, or perJiaps 
for months afterward, tlie degree of injury, iforeover, it has been sliown that 
if the injured trees are left mijiruned, reeovery is effected more rapidly than if 
pruning is done (Webber, 1806; Webber et (iJ., 1010, p. 286). lienee fi’ost- 
injured trees .sliould not be pruned until several months after iiijur.y ; it is 


Pruning trees injured iy frost or wind . — How and when to prune frost- 
injured trees are (juestions periodically of interest to citrus growers the world 
over. Experience in California and Florida has shown that pruning as soon 
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best, if one can, to let them go a full season before pruning. The effect of injury 
from frost, if more severe than defoliation and the killing of tender shoots, 
resembles the elfect of heading back or shearing (fig. 153). The response of 
the frost-injured tree — ^namely, vegetative growth — ^is the same as that of the 
headed-back tree. To prune soon after a freeze, therefore, instead of aiding 
in restoring the balance between root and top, only further aggravates the 
lack of equilibrium. 



Pig. 153. The growth response of frost-injureil lemon trees is similar to that of heading- 
back pruning, as is also the pruning'problera created. See figures 145 and 149. 


The problem of pruning the frost-injured tree is in most respects similar to 
that (discussed above) of changing from heading to thinning. The only dif- 
ference is that when the trees have returned to balance, the parts where bark 
injury has occurred must gradually be eliminated. Appropriate methods for 
so doing are described elsewhere (chap, xviii). 

Trees injured by wind burn or scorch should receive similar treatment. 
Many of the defoliated and injured branches will eventually recover if given 
a chance to do so, though recovery is often slower than from frost injury. 
Branches that fail to recover satisfactorily may then he pruned out with a 
minimum loss of foliage and a minimum of disturbance to physiological equi- 
librium. 
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PROTECTING THE PRUNED TREE 

Sunburn . — The bark on normally shaded limbs in citrus trees is very 
susceptible to injury from sunburn, and M'hen the injury is extensive a satis- 
factory recovery is rare. A few houra’ exposure to the hot sun may cause ir- 
reparable injury. Protecting the pruned tree against sunburn is therefore 
important, especially in arid subtropical regions. Wherever pruning results 
in exposing framework branches to direct sunlight, though for only a few 
hours in the day,, the exposed limbs should be thoroughly coated with white- 
wash. 

Treatment of wounds . — ^Large wounds made in pruning permit the en- 
trance of decay-producing fungi which under favorable conditions occasion 
heart rot of the trees and may ultimatel}’- cause decline. In hot. dry regions 
the danger of decay is not so great, though always present. It is desirable, 
therefore, both as a means of protection and as encouragement to rapid heal- 
ing-over, to cover with an antiseptic dressing all cut surfaces that exceed an 
inch or two in diameter. The application of a disinfectant prior to the use of a 
wound covering is advised by some ; others say that just as good results Avill 
be had without disinfectants. It is advisable to permit a w'ound to dry thor- 
oughly before applying a compound. 

A satisfactory wound dressing should be cheap to apply, and permanent. 
It should lack penetration, and be elastic. Whitewash, bordeaux paste, lead 
paints, and varnishes or shellacs do not satisfactorily meet these requirements, 
since they soon dry out, crack, and lose their protective qualities. Grafting 
wax, excellent in many respects, is too expensive at the usual prices for bees- 
wax. Most promising, and most used, are the asphaltum compoiiiids.’ It is 
important to make certain that all large wounds are well coated with a dress- 
ing, and that it is renewed occasionally while the w'ound is healing. 

PRUNING TOOLS AND EQUIPMENT 

Without good tools it is difficult, if not impossible, to do satisfactory prun- 
ing. Moreover, it is necessary to keep the tools in good condition. A wide 
variety of tools and equipment may be found in use by citrus primers, but 
experience in California has indicated that the folJowijig are best adapted to 
their needs ; 

1. A short, light, self-supporting stepladder. 

2. A pair of gauntlets. 

’ One of the hest that can he Tcconimencled is mercuric cyanide dissolved in equal parts of 
ethyl alcohol and water in the proportion of 1 part of mercuric cyanide to 1,000 parts of the 
alcohol-water solution. 

- Asphaltum roof paint, without the thinning oil, has been used with good results. Grade B 
asphaltum, a liquid form, is also popular. Liquid preparations made by dissolving asphaltum 
in gasoline or distillate have been used, but seem often to cause injury from the penetration 
of the solvent. Melted asphaltum has been used, but is often injurious and always incon- 
venient in handling. Boiled tar has also been used. There are a number of eommereial prepa- 
rations on the market, the most promising of which is a recently developed dressing, “Tree 
Seal,” which is apparently a water emulsion of asphaltum and can therefore be ajiplied suc- 
cessfully even to wet surfaces. 
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3. A pair of strong 6-inch hand shears. 

4. A leather case for the shears, attached to the belt. 

5. A folding pruning saw of the pull type, with a curved blade. 

6. A 14-inch swivel-blade bracket saw' (with extra blades) . 

7. A bucket of pruning compound, and a brush. 

The saw in most general use is a pull saw with a blade 12 to 18 inches long, 
the cutting edge of which has a curved shape. There are numerous saws of this 
type on the market ; some of them are excellent and others unsatisfactory. The 
curve of the cutting edge must not be too great, and the form and set of the 
teeth must be such as to clear the cut readily of sawdust. For the removal of 
large crowding limbs a different type of saw is desirable; the one most used is 
a bracket saw having narrow clearance at the front and a 12- to 14-inch swivel 
blade. With this saw', which is sometimes referred to as the California pruning 
saw', it is possible to work in the most acute angles made by the framework 
branches. 

DISPOSAL OF PRUXIXGS 

Because the trees are evergreen and are extremely sensitive to heat, it is 
not advisable to burn heavy prunings in the orchard, either on the ground 
or in portable burners — ^both of which methods are commonly resorted to in 
deciduous orchards and vineyards. 

When the branches removed are large and waste space is available for burn- 
ing, it is customary to drag or haul the prunings from the orchard and burn 
them. If space for burning is not available, as in the closely planted orchard 
regions of California, all but the larger branches are commonly cut up and 
incorporated in the oi'chard soil. The cutting is usually done by means of 
hand-lopping shears wdiich, if properly designed and strongly made, will 
readily cut branches that are as much as two inches in diameter. On large 
properties the prunings are sometimes run through hea-v'y machine cutters of 
the ensilage type mounted on sleds or wagon beds. 

TIME AND FREQUENCY OF PRUNING 

Pew data are available on the effects of pruning citrus trees at different 
times of the year. In California, reasons of convenience mainly dictate the 
time w'hen pruning treatment is applied ; in Florida, the factor of safety ap- 
pears primary. The least physiological repression, and hence the best results, 
should be obtained when pruning is done at or soon after the period of maxi- 
mum carbohydrate storage, w'hich in California is late winter and early spring 
(Cameron, 1933). That the rate of top regeneration is most rapid in trees 
pruned in late spring and early summer, and least rapid in trees pruned in 
the fall, has recently been reported by Cameron and Hodgson (1943) . Shamel 
and Pomeroy (1942) have also reported results w'hich suggest that pruning 
done after the trees bloom may be less repressive to yield than earlier treat- 
ment. 

Moreover, it is generally agreed that pruning in late summer or early fall is 
undesirable because, as has long been observed, treatment at these seasons 
causes the trees to grow late in the fall and renders them more susceptible to 
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injuiy from frost. It is equally well established that the opeuiiig up of the 
trees which is attendant on fall or winter pruning materially increases the 
hazard of frost injury to the bark on the larger branches ( Webber et al., 1919, 
p. 279). Moreover, the sensitivity of the bark of shaded limbs to injury from 
sunburn, already noted, makes it inadvisable to do heavy pruning in the hot 
summer and fall months. 

The best time for pmning, therefore, is undoubtedly after danger from 
frost injury is past, in early spring, and before the advent of hot weather, in 
early summer. Unfortunately, this is usually a period of great activity in other 
orchard-management operations, and pruning is often delayed until later in 
the season. 

In Califoraia, the time of pruning is most often affected by the presence 
of maturing fruit on the trees. Thus, with the navel orange and winter grape- 
fruit the common practice is to prune the trees after the crop is harvested, 
that is, in the winter and spring and before the trees come into bloom. With 
the lemon, Valencia orange, and summer grapefruit, however, both young and 
ripe fruit are on the trees much or all of the year and hence the pruning 
is generally done when the amount of salable fruit is least, usually in late 
summer. 



LITERATURE CITED 


Blanchard, V. T". 

1 930. Secnring early production -vrith young lemon trees. California Citrogr., 15 : 441, 478- 
479, 484. 8 figs. 

1932. Traning young citrus trees. California Citrogr., 17 ;455, 470—472. 3 figs. 

Cameros, S. H. 

1933. Starch in the young orange tree. Amer. Soe. Hort. Sei. Proc., 29 (1932) : 110—114. 
Camekos, S. H., and B. IV. Hodgson 

1941. Effect of severity of pruning on top regeneration in citrus trees. Amer. Soc. Hort. 
Sei. Proc., 39:67-72. 1 fig. 

1943. Effect of time of pruning on the rate of top regeneration of Valencia orange trees. 
Amer. Soc. Hort. Sei. Proc., 42 :280— 282. 1 fig. 

Elsawv, a. H. 

1927. Some effects of ivounding on respiration and food reserves in the pear free (Pyrut 
communis). Unpublished doctoral dissertation, University of California, Berkeley. 
Halaia, F. F. 

1923. Influence of position on production of laterals by branches. California Citrogr., 
8:146, 180. 2 figs. 

1926. Factors governing the initiation of sprout gro-vvth in citrus shoots. Hilgardia, 
1 -.295-340. 11 figs. 

Kraus, E. J., and H. E. Kratbill 

1918. Vegetation and reproduction with special reference to the tomato. Oregon Agrie. 
Exper. Sta. Bull. 149. 90 pp. 22 figs. 

Beed, II. S. 

1917. Comparative results of moderate and severe pruning. California Citrogr., 3:25, 38. 
8 figs. 

Beed, H. S., and F. P. Halma 

1919. On the existence of a growth-inhibiting substance in the Chinese lemon. Univ. Calif. 
Publ. Agrie. Sci., 4 -.99-112. 4 pis. 

Shamei., a. D. 

1919. Some results from an experiment with pruning as compared with no pruning of 
full hearing Washington Xavel trees. California Citrogr., 4:174-175. 3 figs. 

1920a. Besults of five years’ individual tree performance records with pruned and nn- 
prnned lemon trees. California Citrogr., 5:102, 122-123, 128. 3 figs. 

1930b. Besults of individual tree performance record studies ivith. pruned and unpruned 
Marsh grapefruit trees, California Citrogr., 5:248, 268—269. 4 figs. 

1925. Performance records of pruned and unpruned W ashington Xavel trees for a period 
of ten years. California Citrogr., 10:415, 442^43, 445. lUns. 

1927. Pruning of citrus trees in California. California Citrogr., 13 : 3, 18-20. lUus. 

1929. Washington Jfavel pruning and girdling experiments. California Citrogr., 14:355, 

376,382. Hlus. 

Shaxiel, a. D., and C. S. Pomeroy 
1933. Eureka lemon pruning test. California Citrogr., 18:218, 236. 

1942. Effects of pruning old Washington Jfavel orange trees. Amer. Soc. Hort. Sci. Proc., 
41:71-76. 

SuRR, Gordon 

1919. Yields of Washington Jfavel oranges in relation to pruning. California Citrogr., 
4:290,325. 


[ 442 ] 



Pruning: Principles and Methods 


443 


Webber, H. ,1. 

1896. The two freezes of 1894-95 in Florida, and what they teach. TJ. S. Dept. Agrie. 
Yearbook, 1895:159-174. 1 pi. Figs. 16-20. 

Webber, H. J., and others 

1919. A study of the effects of freezes on eitrus in California. California Agrie. Exper. 
Sta. Bull. 304. 321 pp. 22 figs. 




Chapter X 


PRINCIPLES AND METHODS OE IRRIGATION 

1 

BY 

MARTIN H. HUBERTT 

I RRIGATION is 0116 of the world’s oldest agrieultural practices. On the Ameri- 
can continent it antedates historical records : in the southwestern part of 
the United States may be found the remains of wliat were once substantial 
irrigation works developed by the Pueblo Indians before the days of the earli- 
est Spanish missionaries. Of the approximate 200,000,000 acres of the world’s 
irrigated area, about 10 per cent is in the United States. California, with 
an irrigated area of about 5,000,000 acres, has only about one-tenth of that 
of India or China. 

The permanence of agriculture under irrigation is questioned. Although 
it may not have been fully demonstrated that a permanent and enduring 
agriculture is possible under irrigation, a majority of those who are associ- 
ated with the development of irrigation enterprises are eertain that with the 
aid of science, together with an intelligent use oi water, some causes of past 
failures can be avoided. 

Irrigation may be defined as the artificial application of water to the land. 
Simple as this definition may seem, and old as the practice is, irrigation must 
be recognized as one of the least understood of present-day agricultural 
operations. 

Although irrigation is usually associated with the application of water to 
the soil as a means of promoting plant growth, opei-ations such as the flooding 
of lands for leaching purposes may be classed as irrigation. 

In its broader sense, irrigation may be divided into three phases : engineer- 
ing, economic, and agricultural. This chapter deals primarily with the agri- 
cultural phase, especially as related to citrus pi'nduction. It includes a brief 
discussion of the measurement of irrigation water and the units of measure- 
ment used in the United States ; preparation of land for irrigation ; installa- 
tion and maintenance of distributing systems; methods of irrigation as 
applied to citrus crops ; monthly and seasonal water requirements of citrus 
crops, and their response to variable irrigation treatment ; and a discussion 
of soil moisture, its movement, and its relation to the growth and production 
of citrus trees. 

MEASUREMENT OP IRRIGATION WATER AND UNITS 
OP MEASUREMENT 

In the early days of irrigation development, water was plentiful, and as 
long as streams carried a. supply sufficient to meet the needs of agrieultural 
lands bordering their courses little attention was paid to the magnitude of 
water diversion for crop production. As the number of users increased, the 
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question of “priority” of water rights arose. This led to the necessity of 
determining the amount diverted by each user and to the adoption of certain 
units of measurement by which exact comparisons could be made of the 
quantities used. These units may be divided into two general groups : units 
of volume, and units of flow. The former units are used in expressing the 
quantities of water at rest; the latter, in expressing the rate of flow of water 
in motion. 

The common units of volume are: cubic foot (cu. ft.), gallon (gal.), acre- 
inch (ac. in.), and acre-foot (ac. ft.). An acre-foot is the volume necessary 
to cover one acre to a depth of one foot. This is equivalent to 43,560 cubic feet. 

Units of flow commonly used in irrigation practice include cubic foot per 
second (c.f.s.), gallon per minute (g.p.m.), and miner’s inch (mi. in.). 

The cubic foot per second is the standard unit of flow, especially for large 
flows. It is equivalent to 448.8 gallons per minute, but the flgure 450 is nor- 
mally used in making conversion to or from gallons per minute. 

Gallons per minute is often used in expressing small flows. Pump dis- 
charges are usually expressed in this unit. 

The miner’s inch, as the name implies, was adopted from the mining in- 
dustry, in its development in the western United States. Here it was often 
necessary that the waters of a stream be divided among several user's. In 
meeting this demand equitable division was based on measurement, which 
necessarilj' needed to be simple, inexpensive, and positive. This led to the 
adoption of the miner’s inch, defined as the quantity of water flowing freely 
through an opening with an area one inch square under a designated head 
measured from the center of the opening to the upstream water surface. As 
the use of this unit increased, various states passed laws designating the 
value of the miner’s inch in terms of cubic feet per minute or fractions of 
cubic feet per second; as, for example, 50 miner’s inches = 1 c.f.s. in Utah, 
Idaho, New Mexico, Oregon, and Washington, while 40 miner’s inches = 1 
c.f.s. in Arizona, Montana, and Nevada, and 38.4 miner’s inches = 1 c.f.s. in 
Colorado. 

In California two values are recognized, as follows: (1) the statute inch, 
defined as a flow of 1.5 cubic feet per minute, which equals c.f.s. ; and 
(2) the customary or southern California miner’s inch, which is defined as 
the quantity of water, flowing freely through an opening one square inch in 
area under a pressure’ of four inches measured from the center of the open- 
ing, which equals %n c.f.s. Table 41 gives approximate equivalent values of 
different units of measurement of irrigation water. 

Growers of citrus or other crops are often interested in converting the 
measured flow of irrigation water during a specified time into average depth 
of water over area considered, sometimes referred to as acre-inches or acre- 
feet per acre. This conversion is easily accomplished through the use of the 
formula : 


Approximate average depth in inches 


Flow in e.f .s. x hour s run 
area in acres 


* In several localities in California local practice determines the pre8.sure used. 
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If the flow is given in gallons per minute or in miner’s inches, it should 
flrst be reduced to cubic feet per second or fractions thereof. For example, if 
one wishes to determine the average depth of water applied when a flow of 
30 customary miner’s inches is applied for 72 hours to an orchard of 12 acres : 

i^x72 

(50) = 3.6 average depth of water in inches. 

Theoretically the measurement of water is a simple operation, but practi- 
cally it is often complex, and confusing to the water user. This is due to the 
wide variation in conditions governing the diversion, division, and appliea- 

TABLE 41 


Conversion Tabee por Units op Plow* 
(Equivalent values are given in the same horizontal line) 


Cubic feet 
per second 

Gallons 
per minute 

Million gallons 
per day 

Southern 

California 

miner's 

inches 

California 

statute 

miner's 

indies 

Acre>inches 
per 24 hours 

Acre-feet 
per 24 iioura 

1.0 

448. S 

0.646 

50.0 


23.80 

1.084 

0.00223 

1.0 

0.00144 

0.1114 


0.053 

0.00442 

1.647 

604.4 

1.0 

77.36 

61.89 

36.84 

3.07 

0.020 

8.98 

0.0129 

1.0 

0.80 

■SH 

0.0307 

0.025 

11,22 

0.0102 

1.25 

1 0 


0.0496 

0.042 

18.86 

0.0271 

2.10 

1.G8 


0.0833 

0.504 

226.3 

0.3260 

25.21 

20.17 


1.0 


* From California .Agric. Exper. Sta. Buii. 588, by 3. E. Christiansen. 


tion of water to the land. The ideal measuring device should be low in cost, 
easy to install and operate, and accurate to a degree comparable with the value 
of the water, and where possible the measurement should read in terms most 
easily converted into the unit used as a basis for payment. 

In the measurement of flow in irrigation systems a wide variation of measur- 
ing devices can be used, depending upon the quantity of water to be measured 
and the conditions under which the measurement is to be made. These devices 
include meters, the measuring flume, free-flowing and submerged oriflces with 
flxed or adjustable openings, weirs, various tj^ies of miner’s-inch boxes, etc. 

No matter what method is used, the accuracy of measurement should be in 
harmony with the value of the water. 'Where water is plentiful and cheap, 
expensive measuring devices and extreme accuracy are not warranted. "Where 
it is scarce or expensive, its value may justif j' expensive devices from •which 
accurate measurements can be obtained. A full description of all the various 
devices and conditions under -which they should be used is not essential here. 
Texts on irrigation practice cover the subject thoroughly, and numerous bulle- 
tins dealing with the various phases of the subject have been issued by the 
U. S. Department of Agriculture and the Agricultural Experiment Stations 
of the western states. Bulletins by Cone (1917), Christiansen (1935), and 
Parshall (1941) are recommended to readers interested in the measurement 
of water on the fai-m. 
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PKEPARATION OP LAND FOR CITRUS IRRIGATION 

Owing to the relatively shallow soil in many of the citrus areas, caution is 
necessary in the removal of the top soil in the preparation of land for citrus 
irrigation. From the deeper soils of the sandy and sandy loam types which 
are highly permeable throughout their entire depth a much greater depth of 
surface soil can safety be removed without permanent injury to the produc- 
tiveness of such soils than from fine-textured soils or soils with claypan or 
hardpan. In general, the very fine-textured soils take water very slowly and 
are not conducive to deep root penetration. 

It is usually much more desirable to modify the method of irrigation to suit 
the topography of the land than to change the land to fit any particular method 
of irrigation or irrigation layout. 

In crop production the object of irrigation is to maintain a desirable supply 
of soil moisture in the soil mass occupied by the root systems of the plants. 
Uniformity in soil-moisture distribution naturally tends toward producing 
uniformity of growth and an increase in crop yields. Obviously, a more uni- 
form soil-moisture distribution is obtainable in soils which have been well 
prepared for irrigation than it is possible to obtain in those that have uneven 
topography and undesirable slopes. Well-prepared land tends toward economy 
in water and labor required, and toward improvement of irrigation practice. 

Land leveling does not mean that extensive areas should be reduced to level 
surfaces or uniform grades. In the main, it consists in correcting minor local 
unevenness without materially changing the general slopes and contour of the 
land. Where larger fills are made, alloAvance should be made for settling. 

The extent to which leveling is justified depends upon such factors as soil 
type, method of irrigation to be used, method of water delivery, size of irrigat- 
ijig stream, co.st of water, cost of leveling, and value of the crops produced. 
No rules can be laid down as a definite guide to the preparation of land for 
irrigation. Each piece of laud to be leveled is a separate ijroblem. If land 
leveling is to be done, it should be completed before the orchard is planted 
or the water distributing system installed. 

DESIGN AND INSTALLATION OF 
THE DELIVERY SYSTEM 

In the irrigation of citrus orchards in the southwestern United States a 
large proportion of the water iised is applied through concrete pipe systems. 

In California citrus orchards there is a very large investment in concrete 
pipe distributing systems. Concrete pipe is not adapted to use under gravity 
irrigation systems delivering silty water at low velocity, nor to high pres- 
sures unless the pipe is adequately reinforced. 

The development of the modern concrete pipe distributing systems was 
brought about because it was necessary or desirable to eliminate waste land, 
reduce waste of water, regulate flow more closely, especially in furrow irri- 
gation, and reduce the labor costs of irrigation. Where flooding by borders 
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or basins can be done without injury to the trees, where water is plentiful, 
where grades are favorable, and where seepage losses are not exeessive, earth 
ditches are often used for the deliveiy and distribution of water to citrus 
orchards. In the development of better irrigation methods, however, timber 
and various types of masonry tiumes have re]>Iaced the open ditch, and these 
in turn have been replaced by concrete pipe. 

Space does not permit a complete diacns.sion of all phases of design and 
installation of concrete fiipe delivery systems. However, some of the more 
important aspects will be considered briefly. 

Because the installation of a concrete pipe .system is a long-time improve- 
ment and represents a substantial investment, its design wari'ants careful 
consideration. The problem consists of detenniniug the proper size of pipe, 
the best location for the main delivery and distributing lines, and the most 
desirable types of distributing stands and regulating gates and valves. 

In most localities whei’e concrete pipe is in common use, machine-made 
pipe of good quality is available. In general, this is of better quality than 
that which is hand-tamped. Becaiise the manufacture of good pipe requires 
proper equipment and experience, the practice of manufacturing homemade 
pipe on the farm is not recommended. High-quality pipe is usually available 
in most localities at reasonable, cost. A i-eliable contractor is the best insur- 
ance for a satisfactory job. 

Where large tracts are to be placed under pipe inugation it is advisable 
that a contour map be made of the area, with the contour intervals sufficiently 
close to permit an accurate location of mains and laterals. Such a map is 
also of material assistance in land leveling. 

The size of the pipe to be iised will depend on the quantity of water to be 
carried in the line, the grade on which the pipe is laid, and the smoothness 
of the interior surface of the pipe. In the smaller installations, contractors 
often guess at the size of pipe to be used, jia.ving little or no atfention to 
changes in grades. This practice may necessitate building division boxes and 
pressure stands to an inconvenient height. It is good pivictice to keep pres- 
sures as low' as possible, provided the cost is kej)t w'ithin reasonable limits. 

The quantit.v of water required to irrigate an.v particulai- group or block 
of trees served from a single line might vary widely from year to .rear. If. 
for example, furrow irrigation is used, the number of furrow.s per tree i*ow' 
will increase from two during the fii^st year after the orchard is planted to a 
probable maximum of eight as the orchard appj-oaches full bearing, with a 
corresponding increase in the total water requirement as the size of the trees 
increases from year to year. At thi.s time the full carrying eajiacity of the 
pipe line will be utilized. However, the actual size of the irrigation stream 
and the period of apj^lication of water will varv from year to .veai’ as changes 
are made in orchard soil-management operations other than irrigation. 

In the production of cover crops in young oi'cliards a desirable rate of flow' 
may exceed tlie maximum reriuired for irrigation of the trees alone. It is 
neeessaiw', therefore, that pipe lines be ample to handle adequatel.v the maxi- 
mum flows of water to be delivered. 
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In large tracts, and where the topography of the land permits, the dis- 
tributing system is usually laid out in five-, ten-, or twentj'^-acre units. This 
is an advantage in keeping records of yields or quantities of water applied, 
and is particularly advantageous if, in later years, the orchard is subdivided 
into smaller tracts. 

The spacing of delivery lines within the tracts depends upon the slope of 
the land and the soil characteristics. In a 10-aere unit of land with a length 
and width of 660 feet, two or three cross lines are usually used, spaced 330 
or 220 feet apart. In recent years the tendency has been toward the use of 
shorter runs, the length of which is influenced by the two factors stated above. 
Obviously, the fine-textured soils on the steeper grades are more favorable 
for the use of the longer runs. Light soils on very flat grades are particularly 
difficult to irrigate without excessive penetration at the upper end of the 
run, and often require an extremely close spacing of the pipe lines. It is at 
times desirable to change the direction of the runs within an orchard to take 
advantage of the changing slope of the land. 

Where the water is available on demand, variations in soil type within 
short distances have resulted in the practice of “spot” irrigation, in which 
different parts of tlie orchard are irrigated at different times and with vaiy- 
ing frequencies in irrigation. This practice requires that the pipe system be 
extensive enough to permit water to be delivered to these particular areas 
of vaiying soil types. A saving in installation costs can be effected if this 
need can be anticipated at the time the original installation is made. 

Distrihuting hydrants . — The type and size of distributing hydrant should 
be governed by the method of irrigation to be used and the quantity of water 
to be delivered through the individual stand. Where the flooding methods 
are used (borders or basins), larger flows are required, which in tiirn call 
for larger openings. Alfalfa valves with openings of -about the same diameter 
as the riser pipe may be .iustified, and are desirable Avhere the soils are so 
porous that portable pipe is required in the delivery of water to individual 
basins. 

In furrow irrigation a number of different tjqjes of distributing stands 
are used, the more common of which are the capped stand and the valve- 
controlled liydrant. The capped stand as shown in figure 154 is probably the 
most extensively used and is especially adapted to distribution under low 
pressures. It has the advantages of freedom from debris, low installation 
cost, accurate regulation, and small leakage losses when heavy, close-fitting 
outlet gates are used. The principal disadvantage in the use of this type of 
stand is that the outlet gates are under pressure during the entire operation 
period of the line, and when leaks occur a considerable waste may take place. 
The use of cheap, lightweight, poorly made outlet gates should be avoided. 

The valve-controlled hydrant consists of a short riser connected to the 
underground lateral and fitted with a small valve. The riser discharges into 
a larger chamber — ^the receiving chamber — which is fitted with the required 
number of small regulating gates. Receiving chambers are of different sizes 
and shapes, the circular shape being generally preferred because it is more 
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easily manufactured. A spacing of the outlet gates in the recemiig chamber 
amounting to at least six inches is desirable since it lessens the tendene.y of 
the water to break from the furrows where they are connected to the stand. 

Special types such as that shown in figure 15:5. in which the regulated 
flow is discharged directH* into the furrf)ws. ai‘e sometimes used. The spacing 



Pig. 154. CaiJi-ifd stand, used under low writer pres.sure. 


of the distributing gates in the delivery jtipe is made to eonfonn to the fur- 
row spacing. The advantage of this type of distributing device is that the 
furrowing can be continuous throughout tlie entire length of the orchard 
and the labor of connecting the furroAvs to the distributing stands is elimi- 
nated. 

Where steep hillsides are to be ii-rigated, distributing stands of special 
design may be necessary in order to assure an even Aoav under conditions of 
A'ariable pressure in the deliA'ery lines. Various types of overflow stands and 
relief stands as described by Huberty and BroAvn (1928) are used to keep 
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Fig. 155. Special type of delivery outlet for direct application 
of water into the farrows. 
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the pressure within desired limits. Where excessive grades are encountered 
the usual practice is to use overflow distributing hydrants, in which the 
pressure is relieved at each tree row. Bulletins by Stanley (1921) and Smith 
(1918) contain further infonnation on the manufacture and use of concrete 
pipe for irrigation. 

Table 42 (p. 454) gives values for head losses in concrete pipe resulting from 
friction. The data are from the experiments of Scobey (1920) . 

METHODS OF CITRUS IRRIGATION 

Irrigation is a process of artificial soil-moisture replenishment. Ideal irri- 
gation consists in wetting the soil mass occupied by the root system of the 
irrigated crop witliout excessive penetration below the root zone and without 
excessive waste by nnioff from the area irrigated. 

The general conditions which prevail in a majority of the irrigated citrus 
areas of relatively high land values and limited and expensive water sup- 
plies compel a higher degree of efficiency in the use of irrigation water than 
is usually found in other irrigated crop areas. Efficient irrigation is only 
possible through the use of proper methods of application. 

The main factors goveniiug the choice of methods are: (1) size, spacing, 
and system of planting of the trees; (2) size of stream and duration of flow; 
(3) method of delivery (open ditch, flume, or underground pipe) ; (4) soil 
characteristics ; (5) topography, or slope of the laud ; and (6) depth of water 
to be applied. With the wide variation in particulars such as the fluctuation 
in flows and the changes in soil type or topography often found within small 
areas, it is impossible to formulate a set of rules goveming the choice of the 
proper method of irrigation. Following is a brief description of the methods 
of irrigation of citrus orchards and the conditions under which they are 
generally used. These methods fall into tliree general classes : 

1) Subirrigation, by which the water is applied below the ground surface 
in deep ditches, or through porous or open-jointed pipe lines, or through 
pressure lines with shielded nozzles — a method not widelj'^ employed in tlie 
irrigation of citrus orchards. 

2) Surface irrigation, by which water is transported on the soil surface by 
flooding or in furrows. 

3) Sprinkling, by which the water is distributed from sprinklers or nozzles. 

STJBIERIGATIOjy 

Subirrigation may be either natural or artificial. Natural subirrigation is 
the supplying of moisture by means of capillary rise from an established 
water table. If the water level is high enough to supply the moisture needs 
of the surface roots, accumulations of salines on the soil surface will pTOb- 
ably result in arid climates. If the saturated zone is too far below the soil 
.surface, irrigation water will have to be added to the surface of the soil. A 
fluet\iatiiig water table is unsatisfactorj^ for perennial crops. When the water 
level lowers, the root system grows downward; and when it rises again, the 
saturation of the soil destroys the new root .growth if the high water level 



TABLE 42 

Emotion Loss in Concrete Irrigation Pipe in Feet per 1,000 Feet* 



From Scobey et al. (1020). 

Customary or southern California miner's inch « 1/50 cu. ft. per see. 

Statute inch ~ 1/40 cu. ft. per sec. 

33 510 0^ 

Computed by Scobey’s formula: H — ' .. , where Q « flow in cubic feet per second; Cs — 0.310; d = diameter in inches; and // » friction loss in feet per 1,000 

CVe"-** 
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persists for several weeks. The effect of this process on citrus trees is generally 
detrimental. 

In order to make subirrigation from ditches practicable, at least three con- 
ditions must exist, namely, a substratum of low permeability, a porous sin*- 
face soil favorable to lateral movement of soil moisture, and facilities for 
drainage. As these three conditions seldom exist simultaneously, the areas 
adapted to this method of irrigation are limited. Where these conditions do 
exist, there will probably still be a danger of developing an uncontrolled 
drainage problem during periods of high rainfall. ’ 

Subirrigation by means of a system of porous or open-jointed pipes is 
sometimes practiced. Many advantages have been claimed for this system, 
including economy in the use of water, decrease in cultivation costs, practical 
elimination of evaporation losses from the soil surface, and elimination of 
soil erosion by irrigation. Since, in permeable soils, water passes downward 
with comparatively small lateral percolation, adequate irrigation .under 
tliese conditions requires a close spacing of the subirrigation lines, making 
the cost of this system vei’y high. 

SURFACE IBRIGATION 

Surface irrigation includes all methods by which the surface of the soil is 
used to convey the water, such as the following. 

Border method . — This method employs a series of parallel levees extend- 
ing through the orchard, the areas between levees being flooded in tbe process 
of irrigation. To build the levees an orchard ridger, or a double-disk harrow 
with disks set to face inward, is commonly used. The ridges or levees may be 
left throughout the season or may be constructed before and torn down after 
each irrigatiop. In general, the method is adapted to coarse-textured soils on 
relatively flat slopes. It is not suited to the use of small flows of water. Where 
a sufficiently large flow of water is available, compensation for changes in 
grade may be effected by varying the flow delivered to different borders. 

In preparing land for border irrigation it is not necessary to make a uni- 
form slope through the entire length of run, so long as the grade in the dif- 
ferent sections is kept within established limits. However, it is essential that 
there be very little cross slope across the borders. 

In the irrigation of citrus orchards in California tlie use of this method 
has been limited mainly to the irrigation of young trees. The method should 
not be used where soils remain damp for long periods after irrigation, because 
there is danger of gummosis infection of the tree trunk. 

On the sandy soils^ of Yuma. Mesa in Arizona, Smith, Kinnison, and Cams 
(1931) report the use of the furrow and the square-basin methods, neither 
of which is recommended if conditions permit the border or strip method. 
For newly planted orchards the borders are made about 7 feet wide. As the 
trees become large and the root system more extensive, the borders are wid- 

'■ These sandy soils are reported as varying from coarse to fine, with an average porosity 
of 39.7 per cent, an apparent specific gravity of 1.54, and an average moisture equivalent 
in the top five feet of soil of 5.0 per cent. 
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ened until for a full-bearing grove the full width between the trees is utilized. 
If large flows of water are available for these soils, a dope of about 0.05 
foot per 100 feet is recommended; with smaller flows, a grade of 0.2 foot per 
100 feet maj^ be used. 

Modifications of this method may be used to meet sijeeial conditions. Occa- 
sionally where summer cover- crops are raised, levees are made on each side 
of the tree row along the drip of the tree. These levees form a center border 
8 to 10 feet wide in which the cover crop is planted. This permits independent 
irrigation of cover crops and trees and may be a decided advantage if a water 
shortage occurs, when the tree rows may be irrigated and the cover crop 
abandoned. 

Contour checks . — This method employs a series of irregular basins or strips 
formed by small levees or ridges on level contours. The contour interval 
usually ranges from 0.1 to 0.2 foot and requires a flow of water large enough 
to permit complete flooding of the cheek without excessive penetration at the 
entrance end of the check. The method is being used successfully in a limited 
number of grapefruit orchards in the sandy soils of the Imperial Valley, 
where rainfall is inadequate to remove excess salines from the soil profile, 
where the grades of the land are flat, and where the flows of water are com- 
paratively large and delivery is made through ditches under conditions un- 
suited to furrow irrigation. Because of the danger of gummosis infection 
resulting from wet soil against the tree ti’unk this method should be used 
only on sandy soils and where the trees are on sour orange rootstock. (See 
chap, ii, p. 104, and chap, xi.) Bro^vn (1933) gives a description of this method 
as used in deciduous orchards. 

Basin irrigation . — In the early development of the citrus industry in Cali- 
fornia this method of irrigation was extensively used. At that time the 
delivery and distribiition of water was mainly through open ditches, the 
irrigation flows were large in comparison to present-day deliveries, and uni- 
form flow control in furrow irrigation was diflScult and unceilain. Changes 
in methods of water delivery, and widespread gummosis infection, resulted 
in near-abondonment of this method on all soil types except the coarse- 
textured ones. However, under careful management it permits high efficien- 
cies in the use of irrigation water and reduction in amount of fertilizer lost 
by excessive leaching. 

Under this type of irrigation the orchard is divided into a series of squares 
or rectangles by means of levees and cross levees. Conditions of soil tj^je, 
age of trees, slope of land, and size of irrigation stream determine the size of 
basin to be used, which ranges from the usual one-tree basiu to that serving 
many trees. Success depends on the choice of a basin of proper size and the 
construction of a substantial levee system which will hold the desired depth 
of water. Steel or timber V crowders, numerous types of orchard ridgers, 
rever.sible disks, or specially designed disk plows are used in building the 
levees. 

In applying the water, the basin nearest to or farthest from the source of 
supply may be filled with water first. 'Where the basin nearest the source of 



457 


Irrifjation : Principles and Mclhods 

supply is to be filled first, the levees are built without breaks between the 
basins. When the first basin hiis been filled, the levee separating it from the 
one below is cut and the water is drained from the upper basin into the one 
next below. When the irrigation of the “tier” has been completed, the lower 




Fig. 356. Two views of l)a.sin irrigation. (After Smith, Kiniiison, and Carns, 
1931. Courtesy of the Arizona Agricultui’al Experiment Station.) 


basins are left filled or partly filled with water, with but little standing water 
in the upper ones. This method of cutting from one basin to another is used 
onlj'^ on coarse-textured soils with flat grades. When the lower basin is irri- 
gated first, an opening is left in the levees separating the basins, the water 
being allowed to run through to the lower basin. When this has been filled 
to the desired depth, the opening is closed and the one above is filled. (See 
fig. 156.) 
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A more desirable way, especially useful as a means of applying uniformly 
shallow depths of water to coarse-textured soils, is to construct a temporary 
ditch between alternate tiers and deliver, water directly to each basin. Occa- 
sionally, portable slip-joint pipe or canvas hose is used for direct delivery of 
water from the pipe line to the tree basins. 

Where the slope is such that a single basin for each tree will not permit an 
even distribution of water, the area surrounding each tree may be divided 
into four basins, or a single basin may be built on the upper side of the tree. 
However, this construction is generally impractieal and furrow irrigation is 
usually resorted to when soil and topographical conditions demand its use. 

Mulehed-basin irrigation consists in the building of permanent basins with 
substantial levees and applying to each basin, as a soil covering, a mulch of 
organic material such as barnyard manure, bean straw, or alfalfa hay. Water 
is delivered to each basin from a ditch so placed as to separate the adjacent 
tiers. From observation, Briggs, Jensen, and McLane (1917) reported favor- 
able results from the use of this method as a means of soil-moisture conserva- 
tion and as an aid in the control of mottle-leaf. Later observations, failed to 
substantiate these conclusions and the method has practically been abandoned 
because of potential tree injury from fire and rodents. 

The principal advantage of the basin system of irrigation is that, under 
favorable conditions of topography, a uniform depth of water may be applied 
over the entire soil surface, resulting in uniform penetration and the moisten- 
ing of the soil to any desired depth. Under conditions to which this sy.stem is 
adapted, the cost of land preparation is not excessive and larger irrigation 
streams can be handled at a low labor cost. Field observations have shown, 
however, that if it is in use over a period of j'^ears, especially on fine-textured 
.soils, there is a high incidence of gummosis where the soil in contact with the 
tree trunk has been irrigated. The continuous attention which the method 
requires makes it generally impractieal for night irrigation. 

Furrow irrigation . — The irrigation of citrus orchards by means of furrows 
is the method most extensively used and covers a wide range in soil type and 
topography. It permits the use of small flows of water, and the direction of 
the furrows can be readily changed to fit the changing topography of the land. 
On soils of low permeability, the application of water may be continued with a 
minimum of attention until the desired degree of penetration has been ob- 
tained. Conditions unfavorable to its use are steep slopes, where erosion is 
excessive, and fiat grades with very porous soils. However, no matter how 
uniform the grade nor how much care is taken in regulation of the flow, it 
must be borne in mind that it is not possible to obtain uniform penetration 
in depth and lateral spread throughout the length of the run. Numerous exca- 
vations ill varying soil types under different periods of water application have 
.shown a wide variation in soil-moisture patterns. An example of the variation 
that may be found in adjacent furrows under similar conditions of water 
application is shown in figure 157. Seldom is all the soil in the root zone mois- 
tened when the furrow method is used. Soil characteristics, number and spac- 
ing of furrows, and period of application are the principal factors which 
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Pig. 157. Distribution of ivater from sixtoeu consecutive furrows, sliow'iug 
daily progress of saturation of a sandy loam soil near Riverside, California. (Cour- 
tesy of the TJ. S. Department of Agriculture.) 
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govern the amount of soil wet. Curved furrows, cross furrows, and zigzag 
furrows are some of the means used for moistening a greater portion of the soil. 

In recent years the bi'oad-furrow and the eompacted-furrow methods have 
been used by citrus growers. A broad flat furrow permits the wetting of a 
larger soil-surface area than is accomplished by use of the ordinary V-shaped 
furrow ; and on relatively level land, when the furrows are carefully made, 
good results are obtained. Taylor (1941) describes the method and the equip- 
ment used in maldng broad furrows. On shallow soils, or on very permeable 
soils, where excessive penetration would occur should ordinary furrows or 
very long furrows be used, the compacted furrow is sometimes employed. The 
soil in the furrows is compacted by weighted wheels attached just behind the 
furrowing attachments, or by torpedo-shaped weights which, when pulled 
behind the furrowing shovels through the loose soil, compact the walls and 
bottom of the furrows. Smooth and compacted furrows thus made take water 
more slowly than furrows that are rough and loose. 

The number of furrows used per tree row depends primarily upon the soil 
characteristics, tree size, row spacing, and width of furrow. Where trees are 
small and have a root system occupying only a small part of the soil, a single 
furrow may be used to advantage. As the size of the trees increases, the num- 
ber of furrows is iirereased until the enth’e space between tree rows is irrigated. 
Usually the branches of the trees force the furrowing machine away from the 
tree I'ow, and where straight furrows are used in mature groves an unirrigated 
strip 6 to 12 feet wide is often found along the tree rows paralleling the fur- 
rows. Special furrowing devices are sometimes used which make it possible to 
place the furrows beneath the trees. 

In porous soils on rather flat grades it is advisable not to have the furrows 
exceed 220 feet in length. As the grade increases, of the soils become heavier, 
the length may be increased. In heavy soils which take water slowly a length 
of 660 feet is occasionally used. Uniformity in moisture penetration usually 
decreases with increase in the length of run, and runs in excess of 330 feet 
should normally be avoided. 

Furrow irrigation is used under vdde variations in grade, from 0.1 foot 
per 100 feet on flat valley land to 5 feet or more per 100 feet on the steeper 
hillsides. In medium soil types such as the loams and sandy loams a desir- 
able grade is from 3 to 6 inches per 100 feet. In the coarse-textured soils 
this gi’ade can be increased to the limit under which the soil will stand with- 
out erosion. In the fine-textured soils which take water slowly it may be neces- 
sary to hold water in the furrows for periods of 72 hour’s or more. Unless a 
substantial grade is available, a delicate adjustment of the flow is required 
if tlie furrows are to be kept from filling and breaking over. Entry of water 
into soils varies widely among soils and often within the same soil types 
which have been subjected to different cultural practices. The grades just 
discussed are, therefore, for general conditions only. Practical experience 
will determine the best grades for furrows to suit local conditions. 

No rules governing eon-ect spacing of furrows can be laid down, since each 
decision must rest upon observation of the particular soil to which water is 
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being applied. In coarse-textured soils water has a tendency to pass doAvn- 
Avard with but little lateral moA'ement. If it meets Avith finer-textured subsoil, 
or hardpan, the rate of its movement is retarded, and increased lateral moA'^e- 
ment occurs. Under these conditions, the soil immediately above the restricting 
layer is nearly or completely saturated — a condition which is often referred 
to as “perched” water table and is not favoi’able to the development of citrus- 
tree roots. 

FurroAvs should be deep enough to carry their allotted stream Avithout 
danger of breaks. On the flat lands and in light soils Avhere large streams are 
needed they should obvioush’- be deeper than on steeper slopes where small 
streams are used. In a soil of uniform texture and structure there is no par- 
ticular advantage in the use of deep furrows OA'er shallow furroAA's in obtain- 
ing satisfactory depth of penetration. 

Cultivating the bottoms of furrows might increase the rate of water 
infiltrations. HoAA'CA'er, the beneflts seldom extend beyond the first irrigation, 
especially if the soils have a tendency to “run together” Avhen the water is 
applied. (For a discussion of the subject of Avater penetration in disperaed 
soils see chap, iv, p. 234. ) 

Irrigation hy sprinkling . — ^Within the last decade there has been a very 
large increase in the orchard area irrigated by sprinklers, undoubtedly re- 
sulting from improvement in sprinkler equipment as well as from improve- 
ment in irrigation technique. The systems used in the early development of 
sprinkling had spriniders mounted on risers which extended above the trees, 
but this arrangement has, in the main, given way to portable sprinklers on 
stationaiy pipe systems, or to spx’inklers mounted on portable pipe or hose — 
systems AAdiich, particularly the latter, are cheaper and are more adaptable 
to orchard irrigation needs than the one earlier in use. The per-acre installa- 
tion costs might range from $300 for the fixed type to as little as $50 for the 
portable. Tbe cost of irrigation labor under the fixed-type system is usually 
1 OAver than f or the other. 

Sprinkler irrigation is finding relath^ely wide use on steep slopes and on 
shall OAV claypan soils Avhere it is especially necessary to prevent excessive 
amounts of moisture from accumulating in the subsoil. Generally speaking, 
the sprinkler system is used where other methods are not adaptable. 

The design of a sprinkler system is properly the work of an engineer and 
should not be attempted by anyone not familiar Avith hydraulics. A few of 
the published papers that give information on the use of sprinkler irrigation 
systems and their design are given by Staebner (1931) and Christiansen 
(1942). 

WATER SUPPLY 

The development of water supplies for citrus irrigation is normally a 
cooperative enterprise, as the undertaking is usually beyond the resources 
or abilities of any one man to develop. Such irrigation agencies as mutual 
Avater companies, irrigation districts, and reclamation projects have all 
played a part in developing Avater supplies. Where surface-water supplies 
can be easily developed, and AA^here a ground water is available at a reason- 
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able pumping lift, many owners have their own water supply. Adams (1929) 
has described the irrigation districts of California, and Hutchins (1936) 
describes cooperative irrigation company organization and operation. 

Water quality. — A good water supply must not only be adequate to meet 
the demand on a quantitative basis; it must also be of good quality. The 
water in mountain streams is normally very low in salt content ; but as the 
stream passes through alluvial areas, receiving drainage water from irri- 
gated lands, the salt content increases imtil the water may not be satisfactory 


TABLE 43 

Salt Content op the Santa Ana Eiver at Successive Downstream Stages* 


Stage 

Electrical 

conduc- 

tivity 

at 26® C. 

Boron, 

p.p.m. 

So- 

dium, 

percent 

Milligram equivalents per liter** 

Bicar- 

bonate 

(HCOi) 


Sul- 

fate 

(SOd 

Cal- 

•cium 

(Ca) 

Mag- 

nesium 

(Mg) 

So- 

dium 

(Na) 

Mouth of upper canyon 

— 

0.06 

29 

2.05 

0.11 

0.38 

mm 

0.57 

0.78 

Bunker Hill dike, Colton 


■SI 

20 

2.61 

0.25 

0.71 


0.90 

0.74 

Riverside Narrows 

72.9 


32 

4.44 

1.75 

1.10 

3.80 

1.39 

2.43 

Lower canyon at county lino . . 

82.7 

■fig 


4.95 

2.11 

1.83 

4.45 

2.05 

2.74 

New Hope drain below 










Santa Ana 

168.0 

0.34 


7.70 

4.60 

5.52 

7.20 

4.18 

7.61 


* Data from C. 8. Scofield, Quality of Irrigation Water, State of California Department of Public Works, Di- 
vision of Water Resources, Bull. No. 40, 1033. 

To compare data on chloride in this table with thc»e in table 44, multiply milligram equivalents per liter 
by 35.5 to convert to imrU per million. 


for irrigation. The Santa Ana Biver, California, provides a good example 
of this condition. (See table 43.) Quality is judged not alone, by the total 
saline content, but by the character and relative proportions of the saline 
constituents as well. Water containing a high percentage of sodium in pro- 
portion to its calcium and magnesium content might produce, in some soils, 
an undesirable effect on soil structure and soil reaction. In fact, in altering 
the soil structure, it might so retard the infiltration of water that excess 
salines would not be leached from the soil occupied by roots. The nature of 
the soil, drainage conditions, climate, and relative proportions of the ions 
present determine, in large measure, whether water can be used safely for 
irrigation. During periods of drought, water more saline than is normally 
considered safe may be used for short periods, as in the Imperial Valley in 
1934, when water with a saline content in excess of 2,000 parts per million 
was used to irrigate gi'apefruit orchards. Fortunately, both the soil and the 
water had a high calcium content. As will be shown later, it is advisable to 
maintain a high soil-moisture percentage when using water of high salt 
content. 

Citrus trees have a very low tolerance to boron. Eaton (1935) reports 
boron injury to lemon trees in areas of low rainfall where irrigation water 
containing 0.5 p.p.m. had been used. 

Wliile no universal standards have been approved for judging the quality 
of irrigation water for citi’us, the evaluation compiled by Chapman from a 
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number of sources (see table 44) can be considered a safe guide. (See also 
Vol. I, chap, vii, p. 757, and this volume, chap, iv, p. 247.) 

Water costs . — In arid sections, irrigation costs represent an important 
part of the total cost of producing eitms fruit. Adams and Huberty (1933) 
reported on water cost, exclusive of irrigating labor, on about 900 orchards 
in the south coastal basin of southern California. Two-thirds of the orange 
growers were spending more than $18 per acre per annum for water j two- 
thirds of the lemon growers, more than $24. 


TABLE 44 

Standards for Irrigation Water 


Rating of water 

x X lie 
at 25° C.« 

Per cent sodiumi 
Na X 100 

Chloride, ' 
p.p.m. 

Boron, 

p.p.m. 


Ca+Mg+Nat 






Suitability dependent upon aotl, crop, eli- 

75-301 

60-70 

76-245 

0. 5-2.0 

Unsuitable under most conditions 

300+ j 

70+ 

245+ _ 

2.0+ 


" Specific electrical conductance in reciprocal ohms at 25° C. multiplied by 10^. This is a fairly* accurate index 
of the total concentration of salts in a water; multiplied by 7 , it gives tlie approximate total of dissolved Kolids 
in parts per million (p.p.m.). 

^ Concentrations expressed as milligram equivalents (M.E.) per liter arc used in this computation. 


Irrigation labor requirements . — The labor required for irrigating varies 
widely, from a few hours’ time per acre per annum on the heavy soils of the 
coastal area to as much as 25 hours per acre in the desert areas. 

THE SOIL-MOISTURE SYSTEM 

The thin crust of the earth’s surface, composed of disintegrated and 
weathered rock plus accumulated organic material, makes up what we know 
as the soil. It is a three-phase system consisting of solids, liquids, and gases. 
Between the solid particles is the poi’e space which is occupied by the liquid 
and gaseous phases. As the amount of soil water is varied, the volume of soil 
air is changed, and when a soil is saturated, little or no air is present in the 
soil. The practice of irrigation, therefore, not only affects soil moisture, but 
also has an important influence on the soil atmosphere. 

Particles ranging in magnitude from ultramicroscopic to gravel size make • 
up the solid phase. Finely divided particles have a large surface area, and 
the angles of contact between particles are very acute. The size and shape of 
soil particles, therefore, bear a very important relationship to the water- 
holding capacity of soils, for it is on the surface of the soil particle and at 
the interfaces that water is stored. 

Practically from the beginning of the study of soil plwsics, investigators 
have been interested in the response of plants to changes in soil moisture and 
to the energy values represented at various soil-moisture contents. As there 
is not yet a universally accepted nomenclature of soil physics, the present 
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text uses some terms on wliieli there is not universal agreement. However, for 
want of better terminology to describe field conditions, the terms in common 
usage have been adhered to. 

SOIL-MOISTURE TERMINOLOGY 

Moisture content. — Soil moisture is normally expressed as a percentage 
of the weight of water to the oven-dry weight of soil. If a sample of soil were 
weighed, thoroughly oven-dried, and then reweighed, the weight of water 
lost could be determined. This loss divided by the dry weight of soil and 
multiplied by 100 gives the moistui’e percentage of the original sample. As 
the weights of unit volumes of dry soils vary widely, the amount of water 
represented by a given percentage varies widely. An expression of the water 
content by volume would be more satisfaetor}^ 

Apparent specific gravity (volume weight). — To convert moisture per- 
centage to equivalent depth of water, it is necessary to know the apparent 
density of the soil — the weight per unit volume of soil in place. For con- 
venience in this conversion it is well to establish a ratio between the weight 
of a unit of soil in place to the weight of a similar unit of water. This is 
referred to as apparent specific gravity, or volume weight. While this ratio, 
for noncompacted soils, normally varies from about 1.2 for clay soils to about 
1.4 for sands, the extremes are greater than this. Curry (1931) has listed 
several methods that are used in determining the volume weight of soils. 

Hygroscopic coefficient. — Hygroscopic coefficient is a term used to desig- 
nate the amount of water a soil will absorb from an atmosphere of water 
vapor of known physical condition. The term hygroscopic moisture has been 
used loosely to designate the amount of water a soil wiU collect on the surface 
of the particle when the soil is exposed to the atmosphere. As the atmos- 
pheric conditions are not constant, the soil-moisture content varies. However, 
for soils exposed to similar atmospheric conditions, variation in hygroscopic 
moisture is a rough measure of the variations of surface activity and in- 
directly an indication of the colloidal content of the soil (Robinson, 1922). 

Field capacity, normal moisture capacity. — Both these terms are used to 
describe the moisture content of a freely drained soil several days after irri- 
gation (Shaw, 1927, and Veihmeyer, 1927). They represent a soil-moisture 
content at which downward movement of water has j)ractically ceased. Depth 
of soil wet, depth to water table, and other factors can affect field capacity; 
yet it represents, under normal irrigation practice, a fairly consistent mois- 
ture condition. 

Moisture equivalent. — This term was introduced by Briggs and McLane 
(1907) to I’epresent the amount of water, expressed as a percentage of oven- 
dry weight, retained in a soil which had been saturated and subjected for a 
specific time to centrifuging at an acceleration of 1,000 gravity. The mois- 
ture-equivalent values for soils in the range of sandy loams to silt loams 
agree very closely with the field capacity of those soils, whereas in eoarse- 
textured soils the moisture-equivalent values are lower than field capacity 
(Veihmeyer and Hendrickson, 1931). 
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Wilting point, permanent tcil ii ng percentage. — The first of tliese two terms 
was used by Briggs and Sliantz (1912) to describe tiie soil-moistui’e content 
at which plants would lose turgor and would remain wilted until water was 
applied to the soil. Their investigations indicated that all plants reduce the 
soil moisture to the same relative percentage when Avilting ocem’s. They con- 
cluded that a value equiA’^alent to the Avilting point could be determined from 
the moisture equivalent by dividing it by the factor 1.84. The value obtained 
they called the AA'ilting coefficient. 

The Avilting coefficient Avas widely used until Veihmeyer and Hendrickson 
(1928) shoAved that the ratio betAveen the moisture equivalent and the wilting 
coefficient Avas not a constant. Instead of the ratio 1.84, they found the range 
to be from 1.3 to more than 4. Since soil investigators had long been calcu- 
lating the Avilting-poiiit values, and since these indicated a point on the soil- 
moisture curA’e, they proposed the term permanent wilting percentage — a ratio 
to be determined from plants growing in the soil. 

Furr and Taylor (1939) and Furr and Reeve (1945) use the term Avilting 
range. The determination is made by observing the responses of sunflower 
plants to soil-moisture conditions. It represents the range in moisture content 
from the permaneut Avdlt of basal leaA'es to complete Avilt of aU leaves on the 
plant. 

Infiltration. — Infiltration refers to the rate per unit of time at which water 
entera a soil when there is standing Avater on the soil surface. The farmer is 
interested not only in the rate at which Avater enters an irrigated soil, but also 
in infiltration rates as they affect the recharge of ground-water basins by 
natural or artificial means. 

The problem of obtaining desirable Avater penetration in citrus orchards is 
often a serious one, especially on soils that compact easily (Huberty, 1945), 
and Avhere soil structure has been destroyed by fertilizer practices or irrigation 
Avater Avith a high sodium percentage (Huberty and Pillsbuiy, 1941, and 
Aldrich, Parker, and Chapman, 1945). 

Large and long-continued applications of fertilizei-s containing sodium on 
soils irrigated with Avater of Ioav calcium content produce an undesirable soil 
structure resulting in loAA'ei*ed infiltration rates. Also, large applications of 
ammonium sulphate, especially on the medium-textured soils, can markedly 
reduce infiltration rates. The effect of the latter fertilizer is to acidify the soil 
until the nitrifying organisms of the soil cannot function satisfactorily and 
the ammonium ion remains on the surface of the clay particles. When this 
occurs, the crumb strAicture of the soil is destroyed and the rate at which water 
enters the soil is reduced. 

The acidifying effect of ammonium sulphate and the high degree of am- 
monium fixed on the clay fraction of the soil are clearly shown in results 
obtained at the Citrus Experiment Station, Riverside (Huberty and Haas, 
1940). The pH A-alues obtained in 1938 on 1 to 5 soil-water suspensions on 
samples taken to a depth of 2 feet are as folloAvs ; at surface. 5.0 ; at 0.3 ft.. 4.9 ; 
at 0.5 ft., 4.9 ; at 0.9 ft., 5.4; and at 2 ft., 7.2. Under these acid conditions am- 
monium made up a good portion of the fixed bases of the ,soil. 
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Applications of organic matter to semiarid and arid soils normally result in 
improved soil structure and hence an increase in rate of water penetration. 

improvement in soil structure througli aggregation can at times be ac- 
complished allowing the soil to diy. At and near the surface this can be 
accomplished by evaporation, but at lower depths plants are necessary to 
extract the moisture. 

SOIL-MOISTURE STORAGE AND MOVEMENT 
A common metliod of classifying soil moisture is that of Briggs (1897) . He 
assumed three kinds of soil moisture, namely : hygroscopic, or water which is 
absorbed from the atmosphere and held by adhesion to the surface of the soil 
particles ; capillary, or water held by surface tension ; and gravitational, or 
water which would move out under free drainage conditions. This concept of 
soil moisture assumes definite boundaries between the types of moisture indi- 
cated. Measurements made in the moisture range from field capacity to the 
wilting percentage show no discontinuity in the curve representing the rela- 
tionshiiD between soil-moisture content and the energy required per unit mass 
to remove water from the soil to a place of reference. 

Buckingham (1907) was among the first to attempt to measure the energy 
required to remove moisture from soil. He originated the term capillary poten- 
tial to define the value which measures, at any given point, the attraction of 
soil for water. Other investigators include Shull (1916), Thomas (1921), 
Edlefseu (1934), Bdlefsen and Anderson (1943), Schofield (1935), and 
Richards and Weaver (1944). The results obtained on nonsaline soils show 
that in the moisture range between field capacity and the wilting point the 
change in force required to remove water from the soil is very gradual until 
the wilting point is reached, when there is an abrupt change. At field capacity, 
the data available indicate that water is held with a force of from 0.2 to 0.3 
of an atmosphere; at the wilting percentage, with a foi-ce of about 15 at- 
mospheres. Figure 158 presents the results obtained by Shull (1916) with 
the seed-absorption method on a silt loam soil and on a coarse sand. The 
abrupt changes in the curves represent the soil-moisture conditions when 
plants wilt. Results obtained by Edlefsen (1934) on a fine-textured soil, a 
coarse soil, and on a mixture of the two, are shown in figure 159. The simi- 
larity in shape of the curves obtained by the two investigators is pronounced. 

To the surface forces mentioned above should be added the osmotic concen- 
tration of the soil solution (Edlefsen and Anderson, 1943). Because of the 
high osmotic values of saline soil solutions the moisture content should be kept 
higher for conditions favorable to plant growth in saline than hi nonsaline 
soils (Magistad and Reitemeier, 1943, and Wadi eigh, 1946). 

The amount of available water that can be stored in soils of the same gen- 
eral texture may vary considerably, as has already been remarked. Actual 
results obtained on four soils in southern California on which citrus is grow- 
ing are, however, as presented below. Although there are exceptions, the 
results show generally the changes in volume of soil atmosphere and the in- 
fiuenee of particle size on the water-holding iiroperties of soil. 
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Pig. 159. Aqueous-vapor pressure curves, permanent ■n-ilting percentages, and field capa- 
cities for a fine sandy loam. A, on the left; a clay loam, B, on the right; and a half-and-half 
mixture, C, in the center. (After Edlefsen, 1934.) 
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For both the sand and the sandy loam, fluetuations in the moisture content 
between field capacity and wilting percentage do not materially alter the 
volume of soil air. With the clay loam soil listed, the air volume increased 
125 per cent through this moisture range. To permit wide fiuctuations in 
the volume of air and water in the soil, some orehardists practice what is 
known as alternate irrigation. By this method the soil on one side of the 
trees only is wetted at any one irrigation. 

Soil-moisture movement in the liquid phase is dependent upon two forces, 
gravity and capillarity. When moisture is present in excess of field capacity, 
gravity is the dominant force and the movement is through the large pore 
spaces; when moisture is below field capacity, capillary forces are dominant 


Water Data : HEsaLTs on Four Soils 


Factor 

HanforrI ^nd < 

Hamona 
sandy loam 

Yolo loam 

Dublin 
clay loam 

Field capacity (per cent) 

7.6 

12.0 

22.5 

29.7 

Wilting percentage (per cent) 

3.0 

4.5 

12.0 

13.2 


F.c. w.p. 

F.c. w.p. 

F.c. w.p. 

F.c. w.p. 

Volume of eolid phase 

60 60 

56 56 

49 49 

47 47 

Volume of liquid phoae 

12 S . 

18 7 

29 16 

37 17 

Volume of gaseous pliase 

28 35 

26 37 

22 35 

16 36 

Depth of water available per foot of soil 





(inches) 

0.0 

1.3 

1.0 

2.5 


F.C.— at field capacity ; w.p.—wilting percentage. 


Numerous measurements have been made on the rate of capillary movement 
from a free water surface (Harris and Turpin, 1917 ; McLaughlin, 1920; 
Veihmeyer, 1927 ; Lewis, 1937) . The rate of rise in sand is rapid but is usually 
limited to less than one foot ; in fine-textured soil it is very slow but more 
extensive. Movement of moisture from a moist soil to a dry soil is slow and 
limited (Veihmeyer, 1927). Veihmeyer’s studies showed that cultivation of 
irrigated soils free of a water table did not, per se, conserve water. (See 
chap, vi, above.) 

At low soil-moisture content, water movement is in the vapor phase. Varia- 
tion in the temperature or moisture content of the soil may change the vapor 
pressure of the soil atmosphere, and this in turn will cause a movement of 
vapor from a region of high pressure to one of lower value. The amount of 
water transferred in the vapor phase by soils in the citrus-growing areas 
is doubtless very small. 

EBSPONSB OF CITRUS TO IRRIGATION 

Water. requirement of citrus . — Efficient irrigation practice is dependent 
upon a sensible application of the physics of soil moisture and an under- 
standing of the use of water by plants. When water is applied to the surface 
of a soil in the orchard, it moves downward, through the action of gravity 
and capillarity. The rate of movement depends mainly upon the relative size 
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of the pores in the soil. If the soil being irrigated is deep and well drained, 
the degree of moisture content knomi as field capacity will be attained in a 
few days after irrigation if the soil ttntlure is coarse and in four or five days 
if it is fine. If the soil is relatively uniform in texture and structure through- 
out the area wetted, the distribution of moisture will be relatively uniform. 
Wlien there is a soil stratum of low permeability, water movement downward 
is restricted, and if more water is applied than is required to bring to field 
capacity the soil that is above the compact layer, a saturated soil condition 
will result (Huberty and Pillsbury, 1943). This produces a soil environment 
poorly adapted to citrus trees. Many citrus orchards have declined as a 
result of excess soil moisture, a condition often called “overirrigation” — 
which implies that ii'rigation alone, and not rainfall, is often the source of 
the excess moisture. In orchards on shallow claypan soils with a sod covering 
the danger of excessive moisture is especially great in winter. Investigators 
at the Arizona Agrieultui-al Experiment Station have demonstrated that high 
soil moisture in combination with a high-lime soil is especially conducive to 
chlorosis in citrus (Burgess and Pohlman, 1928). Pathology of tree decline 
is discussed in the next chapter. 

Unlike deciduous trees, citrus trees may transpire relatively large amounts 
of water in the period from late fall to early spring. Water must be supplied 
accordingly; and if cover crops and intercrops are grown, moistui’e must 
be available in quantities sufficient to meet their needs as well. In young 
orchards where heavy winter cover crops are produced, the water require- 
ment during the winter mouths may equal or even exceed the summer 
iiTigation needs of clean-cultivated young orchards. In mature orchards 
lighter cover crops are usually produced, and with the increased summer 
needs of the older trees the ratio betAveen the Avinter and summer water 
requirements becomes less. 

In recent years the practice of nonculth^ation has become popular in cer- 
tain sections of the citrus-groAvung sections of southern California. Weed 
groAvth is controlled by spraying with oil or other toxic compounds, or by 
hoeing, or both. 

So far as irrigation is eonceriied, the system seems to Avork Avell on those soils 
AA'hich, under cultivation, develop dense cultiA^ation pans that retard water 
penetration. For a complete evaluation of the noncultivation system, further 
study is needed. 

The transpirational use of water by citrus trees and the resulting seasonal 
and yearlj’- irrigation needs are dependent upon scA’eral factors, including 
the size and A’igor of the trees, the clo.seuess of i^lanting, and the climatic 
conditions under Avhich they are groAm. (Transpiration is the Avater used 
by the crop, and does not include evaporation from the soil mulch, or water 
loss through runoff or deep percolation.) While soil type influences the re- 
quired frequency of irrigation and the depth of Avater to be applied at each 
ii’rigation, there is no evidence, other things being equal, that the trees will 
transpire more water when grown on one soil type than Avhen groAvn on 
another. 
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It has been observed that the seasonal amounts of water applied are often 
influenced by the availability and cost of tlie water rather than by the 
actual irrigation need. .Under conditions of low cost, water may be used 
extravagantly, and as the supply is diminished or the cost increased, the 
seasonal use becomes less. 

Kecords are available that show the quantities of water delivered by vari- 
ous agencies supplying water for irrigation in the different citrus areas of 
southern California; but although they are reliable as permanent records 
of deliveries, they are not necessarily a true indication of the real water 
requirements of the trees. 

TABLE 45 

Avebaoe Mean Monthly Auoust Temperatures (1917-1921) and 
Average Annual Rainfall of the Different Climatic 
Zones op Southern California* 


Zone 

Average mean 
maximum 
August 
temperature 

Average 

annum 

rainfall 


degrees 

87“ F. 

incAee 

16.6 

Intermediate 

n- p. 

10.6 


94“ F. 

16.9 

Tulare County (not included above) 

98° F. 

9.96 


* Data from California Agric. Exper. Sts. Bull. 374. 1924. 


For comparison of seasonal depths of water applied in the different lo- 
calities, the citrus-producing areas of California have been somewhat arbi- 
trarily divided into three groups, namely, the coastal, intermediate, and 
interior areas (Vaile, 1924). The mean monthly maximum August tempera- 
ture over a five-year period was used as a zone index, and the average annual 
rainfall records for seven stations within each zone, covering periods of from 
twenty-five to forty years, were taken into account. The average mean maxi- 
mum temperatures of all stations and the average annual rainfall for each 
zone are shown in table 45. 

Eecent plantings in the Coachella and Imperial valleys in California and 
the areas adjacent to Yuma, Arizona, might justify the addition of a fourth 
group, the desert area. The mean August maximum temperature at Indio in 
the Coachella Valley is 105?5, and at Yuma, Arizona, 104?1. The average 
annual rainfall at these stations is 2.89 inches and 3.33 inches, respectively. 

The coastal zone includes the coastal plain of San Diego County, most of 
Orange County, the La Habra and Whittier areas of Los Angeles County, and 
the coastal plain of Ventura and Santa Barbara counties. The intermediate 
zone includes the El Cajon, Escondido, and Pallbrook areas of San Diego 
County, the San Gabriel and Pomona valleys of Los Angeles County, and in 
Ventura County the area from Saticoy to Fillmore in the Santa Clara River 
valley. The interior areas w'ould include the Santa Clara River valley ea.st of 
Fillmore, the San Fernando VaUey, the Riverside, San Bernardino, Red- 
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lands, and Hi<rhland districts, and the citrus areas of Tnlare, Bntte, and 
Sacramento counties. 

Vaile (1924) compared the eifeet of increasing amounts of irrigation water 
on jdelds in the coastal, intermediate, and interior areas. Five classes of water 
use were recognized ; light, moderate, usual, hea\w, and very heavy. The most 
common usage was classed as usual. The designation of class in irrigation and 
the average yields in each of the climatic zones ai’e given in table 46. 

In discussing these results, Vaile concluded : “In the coastal zone a little 
less than the amount of water now commonly used gives the greatest yields. 
There is considerable evidence of injniy from excessive irrigation throughout 

TABLE 4G 

Amounts op Water Applied and Yields op Oranoes and Le.\ions 

UNDER BiPPEHENT CI.ASSES OP IRRIGATION* 


Depths of water applied (indies) 


Pounds per acre (thousands) 


Irrigation 

(cIose) 

Coastal ' 
zone 

Intermediate 
j zone 

Interior 
Zone 1 

1 

Coasral 

Intcrmorliate 

Interior 

Oranges* 

Lemoiw 

Oranges 

Lemons 

Oranges 

Lemons 

Light 

Less tlian 14 

1 Less than lii.5 

; 1 

; Less than 19 

18 9 

23 9 j 

17 6 

22.7 

12 3 

15.1 

Modorato. .. , 

14 to 17.9 i 

, 16.5 to 21.4 

19 to 24. S 

20.5 


18 1 

23 4 

14.0 

18.3 

liaual 

18 to21.D 

21.5to2(i.4 

25 to 30.9 

20.1 

25 6 

18.5 

mSM 

15.6 


Heavj' 

22 to 28 9 

26 5 to 31.4 

31 to 36.9 

19.0 

25.6 

20.6 

26 8 

19 1 

23.4 

Very heavy — 

I 2G and more 

31 5 and more 

37 and more 

19.5 

24.7 

22.0 

28.0 

A7.7 

21.7 


* Data from Vaile, California Arho. Exper. Sta. Bull. 374. 


this zone, particularly on the heavy soil. In eacdi of the other zones the average 
yields increase with the use of more Avater until nearly 50 per cent more than 
the usual amount is applied. Even in these zones, hoAvever, the effects of ex- 
cessive irrigation are noted on certain groA'es that are A'ery heavily irrigated.” 

Beckett, BJaney, and Taylor (1.030). in a series of field experiments in 
northern Sail Diego County, determined by intensive soil sampling the trans- 
piration use in a number of citrus orchards during 1926 and 1927. In 1928 
and 1929 siiniJai' Avork Avas carried on near Tustin and Santa Ana in Orange 
County, and during 1930, 1931, and 1932 in the interior areas of Rwerside 
and San Bernardino counties. These iiiA'estigations were conducted in small 
plots Avithin selected citrus orchards. The moisture properties of the soil 
Avithin the plots were determined, and by a series of soil samplings during the 
irrigation season a record of soil-moistui’e changes Avas obtained. 

Soil samples for moisture determinations A\'ere obtained by means of a soil 
tube. The soil mulch Avas sampled separately. BeloAv the mulch, samples Avere 
taken in one-foot sections to a depth of six feet, unless the shalloAniess of the 
soil prevented. Soil-sampling locations were established at the beginning of 
the irrigation season. In the course of the season, samples Avere taken in the 
A'icinity of each sampling point before and after each irrigation, and often 
at intervals of two to three weeks between irrigations. From these data it 
Avas possible to calculate the moisture changes in the soil. 
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The difference between the water stored in the root zone and the measured 
quantity of water applied to the area represents the irrigation elBeiency, 
which is normally expressed as a percentage. Irrigation efficiencies vary 
widely, depending, among other things, on the topography, the method of 
irrigation, the soil characteristics, and the skill of the operator. Although 
efficiencies of 70 per cent are attained by the furrow method, they are usually 
well below this figure. 



MAR. APRIL MAY JUNE JULY AUG. SEPT. OCT. 


Pig. 160. Seasonal variations in the soil-moisture content in a mature lemon orchard in 
the intermediate climatic zone of San Diego County, season of 1927. (After Beckett, Blaney, 
and Taylor, 1930. Courtesy of the California Agricultural E.Niieriment Station.) 

An example of the soil-moisture record obtained in a mature Eureka 
lemon orchard in the intermediate climatic zone of southern California is 
shoAvn in figure 160. The quantities of water used by this orchard in intervals 
between irrigations are shown in table 47. Figure 160 shows that in the top 
two feet of soil the moisture content between irrigations fluctuated through 
a range of about 7 per cent without an apparent change in the rate of use 
of water. At no time in the season did the trees in this orchard show evidence 
of wilting. The range of 7 per cent in moisture is equivalent to an average 
depth of about VA inches of water per foot for the top two feet of soil. When 
2% inches of moisture had been used from the top two feet, axjproximately 1 
inch had been taken from the third foot, and % inch from the fourth foot. 
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Hence, an average depth of 4 inches of water ■was available for plant growth 
within the range of moisture fluctuations. 

Under conditions represented by these data, it might be said that if the 
soil moisture in the flrst four feet is at fleld capacitj’’ on April 1, the flrst 
irrigation will normally not be required until the middle of June. With an 
average monthly use of 2.5 acre-inches per acre per month during the rest 
of the summer, the maximum period between irrigations would be 45 to 50 
days. On a basis of 60 per cent effieiency in irrigation, a depth of 6 inches of 
water would be required at each irrigation. Three such irrigations would 
provide this orchard with adequate moisture well into October. 


TABLE 47 

Quantities op Watek Used by a Mature Lemon Orchard in the Intermediate 
Climatic Zone op San Bieoo County, Season op 1927 


Interval 

Number 
of days 

Soil-moiature loss» aere-inohes per acre 

First 

foot 

Second 

foot 

Third 

foot 

Fourth 

foot 

Total 

Equivalent 
loss in 

30 clays 

Mar. 15-May 11 

57 

0.93 

0.69 

0.57 

0.36 

2.52 

1.33 

Maj' ll-June 9 

29 

.0.56 

0.40 

0.29 

0.18 

1.42 

1.47 

June9^uly 24 

45 

1.00 

1.14 


0.42 

3.49 

2.33 

July 24-Sept. 11 

49 

1.37 

1.37 

1.03 

0.45 

4.22 

2.58 

Sept. Il-Oct. 25 

44 

1.23 

1.17 

0.83 

0.52 

3.75 

2.55 

Mar. 15-Oct. 25 

224 

5.08 

4.74 

3.55 

1.03 

16.40 



Figures 161 and 162 show the soil-moisture fluctuations and seasonal use 
of water by a mature navel orange orchard on a sandy loam soil in the interior 
climatic zone of southern California in 1931. This orchard received six irriga- 
tions totaling 30 inches average depth. Transpiratioual use from April 1 to 
November 1, as figured from the soil-moisture diagram, shown in figure 162, 
was 21 inches. The depth of Avater to be applied by irrigation would normallj' 
vary from year to year, depending upon tlie soil moisture carryover from 
spring rains and the time at which the first adequate rains occurred in the 
fall. The total amount of Avater applied by irrigation was adequate. However, 
it Avould have been better to make the May irrigation lighter and the August 
irrigation heavier, or to have giA'^en seven lighter irrigations. The moistiu-e 
diagram in figure 161 shows that the heavier irrigations of May, June, and 
July penetrated deeper than 6 feet, which is not necessary when the irriga- 
tion Avater is of high quality. 

The dotted line on the gi'aph represents moisture conditions in the unin-i- 
gated soil, the upper three feet of which did not reach the permanent Avilting 
percentage until mid-July. The rate of Avater loss Avas substantially constant 
even though the moisture fluctuated in the moistened section. 

The average monthly use of Avater by citrus trees, as determined by Beckett 
in sixteen orchards in the south coastal basin, has been summarized by 
Pillsburj'-, Compton, and Picker (1944). Figure 163, shoAving the use of 
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rig. 162. Seasonal use of water in acro-inchos per acre per month in an 
orchard of inatnro Washington Navel orange trees in the interior cli- 
matic zone of southern California, seasons of 1930 and 1931. 



Jonuery February March April June August SepTembsr October November December 


rig. 163. Distriljution of individual monthly, and average monthly, transpiration records. 
Orange County, 1928-1929. (After Pillslniry, Com])ton, and Picker, 1944. Courtesy of the 
California Agricultural Experiment Station.) 

water by young and mature citrus trees in Orange County, and figure 164, 
which illustrates water use by soil depth, have been taken from their publica- 
tion. The results show the trees to be transpiring at the highest rate during 
July, and with a total average transpirational use by mature trees of 16 acre- 
inches per acre in the coastal zones and about 21 inches in the interior area. The 
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amounts of irrigation water required to meet these transpiratioiial demands 
are similar to the values listed by Vaile (1924) as common usage. 

Observations on water use in an orchard in the interior climatic zone with 
a heavy summer crop showed transpiration to be about 50 per cent greater 
for the season than in clean-cultivated orchards. During the period when the 
cover crop was most vigorous its water use w’as as great as the tree use. 

Measurements made by Pillsbury (1941) in three mature grapefruit groves 
growing under desert conditions in the Coachella Valley, California, show an 



average transpiration of about 9 inches a month during July, August, and 
September, the yearly transpiration use being about 6 feet. To meet this de- 
mand requires an average depth of irrigation water of 8 to 9 feet per annum. 

Harris, Kinnison, and Albert (1936) report on water use by citrus in the 
Salt River valley of Arizona, an area characterized by high maximum and , 
mean temperatures, long hot summers and short winters, and with an average 
annual rainfall of about 7 inches. They conclude that mature Washington 
Navel orange tree.s will remove from the soil a little more than 2^ acre-feet 
of water per acre per annum, and Marsh grapefruit trees will take about 31/2 
acre-feet. These figures represent the water transpired by the trees and do 
not include other water losses. 

Oppeuheimer and Elze (1941), working in the Jaffa district in Palestine, 
report a seasonal irrigation requirement of mature orange trees of from 800 
to 1,000 cubic meters per dunam (equivalent to an average depth of 2% feet). 

Esselen (1937), reporting on the use of water by Valencia trees on Rough 
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lemon stock, states that a reduction of the soil moisture to the wilting point 
in a part of the root zone will result in an increased absorption from the part 
still containing moisture, under conditions prevailing in the eastern Transvaal 
in winter. 

EFFECT OF IRRIGATION ON ROOT GROWTH AND 
ROOT DEVELOPMENT OF CITRUS 

That tree roots can be controlled bj' iiTigation has long been contended ; 
frequent light irrigations are supposed to induce shallow rooting, and deep, 
infrequent irrigations, deep rooting. Except where the moistare has been so 
high as to produce poor aeration, or where rainfall is inadequate to moisten 
the soil to normal rooting depths, tliis hypothesis has not been substantiated 
under field conditions. At the Citrus Experiment Station, Riverside, plots of 
Washington Navel orange trees were grow’n from the third to tenth j'ear under 
differential irrigation treatments which provided for irrigations on a two, 
four, and six weeks’ schedule. In the course of the winter, when the soil was 
moist, eight trees were removed from each plot by pulling. No noticeable dif- 
ference was apijai-ent in the amount, or the pattern, of the roots as affected by 
the various irrigation treatments, but a veiy marked difference was showii 
by type of rootstock ; the trees on sour root -were very much deexjer-rooting 
than those on sweet root. 

The measurement of the rate at which water is lost can be used as an indirect 
measurement of the concentration of the active roots. Conrad and Veihmeyer 
(1929) made a studj' of the rate of moisture loss in relation to the root con- 
centration of grain sorghum and found a high correlation between these tAvo 
factors. 

Shantz (1927) , in observing the growth of certain desert plants, concluded 
that some drought-resistant plants have the ability to extend their roots into 
drj’- soil, but that field crops do not. Hendrickson and Veihmeyer (1931) were 
unable to obtain growth of roots of sunflow'ers or beans into a soil in which 
the moisture content was beloAv the permanent wilting percentage. 

In the irrigation of citrus by furrows the entire soil mass occupied by the 
roots is usually not moistened, the unmoistened zones generally representing 
from 10 to 40 per cent of the total. The unirrigated zones receive rainfall, and 
where this is adequate to moisten the soil to the depth of normal rooting of 
the trees it might be expected that a noi-mal root distribution would be. found. 
In these zones root development should continue, elongation of the root system 
ceasing only when the available water supply has been exhausted. Furr and 
Taylor (1934) have shown that there is a ready cross-transfer of water to 
all parts of the top when only a part of lemon-tree roots are in moist soil. 
Numerous observations made in the irrigated and unirrigated soil zones in 
commercial groves in the different irrigated citrus sections of southern Cali- 
fornia, after seasons of adequate winter rainfall, fail to show a material dif- 
ference in the rates of soil-moisture loss from the same depths in both zones. 

Soil types and changes in subsoil conditions, rather than irrigation prac- 
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tice, are probably the predominating factors in root distribution, except pos- 
sibly when water applications are made so frequently as to prevent adequate 
aeration. Assuming the rate of soil-moisture extraction to be a measure of 
the distribution of absorbing roots, table 48 shows the apparent root activity 
of mature citrus trees in the different depths of some of the principal soil 
types in the citrus areas of southern California. 

These measurements covered wide ranges in climate and in conditions of 
water delivery. Where comparisons were made in the same soil types, no 
evidence was observed of differences in apparent root activity that might be 

TABLE 48 


Apparent Hoot Activity of Mature Citrus Trees under Various Soil Conditions, 
AS Measured by the Hate of Moisture Extraction 




Depth 

of 

soil 

(feet) 


Apparent root activity (per cent) 

Crop 

Soil type 

First 

foot 

Second 

foot 

Third 

foot 

Fourth 

foot 

Fifth 

foot 

Sixth 

foot 

Lemons 

Sandy loam overlying granite 

3.0 

50 

27 

17 




Lemons 

Sand}' loam ov*erl}’ing granite 

4.0 

45 

25 

18 

12 



Oranges 

Sandy loam overlying granite subsoils 

4.0 

40 

26 

17 

12 



Oranges 

Sandy loam overlying granite 

5 0 

35 

26 

20 

14 

5 


Oranges 

Sandy loam with coarse subsoil inter- 
spersed with strata of silt and sand 

8.0+ 

52 

26 

11 

7 

3 

1 

Oranges 

Sandy loam with coarse subsoil 

6 0-i- 

32 

24 

18 

12 

8 

■ 6 

Grape- 

fruit 

Sandy loam with coarse subsoil 

6.0+ 

32 

25 

17 

13 

8 

6 

Oranges 

Loam with sandy loam subsoil . . . 

8.0+ 

34 

30 

16 

11 

6 

3 

Oranges 

Loam with medium subsoil 

6.0+ 

35 

28 

18 

12 

5 

2 

Oranges 

Loam with clay loam subsoil 

8.0+ 

46 

27 

16 

6 

4 

3 

Lemons 

Loam with clay subsoil 

6.0+ 

55 

21 

13 

6 

5 

0 


attributed to climatic A’ariations or differences in time or depth of irrigation. 
However, no observations were made in orchards obviously suffering from 
excessive soil moisture, except on sandy loams — soils with highly stratified 
layers of silt and sand in the subsoil which resulted in excessive soil-moisture 
conditions below a depth of three feet. 

Lemon trees growing in soils underlain by heavy clay subsoils showed the 
shallowest rooting habits. Favorable soil-moisture conditions were found in 
the depths below three feet, and although the trees were allowed to wilt be- 
tween irrigations this severe treatment seemed to have no effect in the exten- 
sion of root growth into the hea^'y subsoils. 

Smith, Kinnison, and Cams (1931) report the effect of variable frequency 
of irrigation trials on the root development of young Marsh grapefruit trees 
on sour rootstock in the light sandy soils of the Yuma Mesa. In these experi- 
ments, iri’igation intervals of one, two, three, four, five, and six to nine weeks 
were followed during the summer irrigation season for three years. The aver- 
age annual depths of water applied, including the effective rainfall, were 
approximately 84 inches for plot 1 irrigated at one-week intervals, and 44, 28, 
24, 22, and 20 inches for plots 2, 3, 4, 5, and 6, which were irrigated at intervals 
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of two, three, four, five, and sis to nine weeks, I’espectively. The average depth 
of each irrigation was 2.6 inches. 

The removal of a n umber of trees from each plot, over the three-year period, 
gave an opportunity to study the effect of the different irrigation treatments 
on the root distribution. 

The weekly irrigation schedule followed on plot 1 kept the surface soil moist 
and at a lower average temperature than in the other plots, and permitted an 
extensive root development the first year in the top six inches of soil. The root 
development in the top six inches in plot 2, irrigated every two weeks, was 
quite pronounced, but in the remaining plots it was appreciahlj'- less. During 
the first year there was a tendency toward an increase in root development at 
greater depths as the inteiwal between irrigations was increased. This relative 
condition prevailed to a less degree in 1929, and the 1930 results indicated a 
tendency toward relatively shallow root development irrespective of soil- 
moisture conditions. The effect of increasing the interval between irrigations 
seemed to limit the total root structure rather tlian to force development into 
the lower soil depths where more favorable moisture coiiditioiis existed. 

Part of the root system of a 25-3'ear-old Washington Xavel orange tree on 
sweet orange root was exposed by careful digging. This tree was planted in a 
contour row in a sandy loam soil exceeding 5 feet in depth. The longest root 
found was growing along the tree row in soil which was not cultivated and 
to which irrigation water was not directly applied. The root terminated 31.5 
feet from the toee trunk and was 37 feet long. At no place wms the root more 
than 1.5 feet below the ground surface, and at the free end was only 6 inches 
below the surface. 

Effect of irrigation on June drop and wind injury . — June drop is the exces- 
sive shedding of jmung fzmits, most of which occurs while the fruits ai'e frozn 
one-half centimeter to tzvo centimeters in diameter. The Washington Navel 
orange is particular!}’' susceptible, especiaHj’- when grown in the interior cli- 
matic zone. 

Coit and Hodgson (1919) point out that unless there exists in the soil within 
reach of the absorbing roots a water supplj”' sufficient to make up for that lost 
by the plant, a water deficit must eventually occur which ■will be followed by 
an abnormal shedding of the jmung fruits. These authors also discuss the pos- 
sibility of modifying climatic and soil-temperature conditions by the planting 
of intercrops such as alfalfa, s'vveet clover, mustard, oz- vetch, which transpire 
large qzzazitities of water, pointizzg out that this practice is justified onlj’- where 
the water suppty is adequate to meet the zzeeds of both trees azzd intercrop. 
It has ziot beezz demonstrated that the incz-ease izi relative humidity due to tlzc 
cover crop is vez-y great, or that this decrease in tz’anspii-ational demand com- 
pen.sates for the incz'eased coznpetitiozz for .soil moisture. 

Kizznison azzd Pizich (1934) believe that under desert conditions transpira- 
tional demand might ozi occasiozzs be gz’eater tlian the absoz’bing and conduct- 
ing sj’stem of the tree, and that the water deficit might advez'sely affect the 
quantity and qziality of the frizit. Izz eazty summer this stress is reflected in 
an excessive sheddiizg of j'ouzzg frzzits, and in the latter part of the season by 
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loss of vigor and softening of the fruit suggesting that moisture is withdrawn 
from the fruit to be transpired by the adjacent foliage. 

■ Shedding of young fruits has been observed to occur even when an adequate 
soil-moisture supply has been available ; but the heaviest drop is i^sualjj’^ asso- 
ciated with deficiencies in available moisture. 

The effect of a lack of available moisture on June drop was observed in a 
plot of Wa-shington Navel oranges at the Citrus Experiment Station, Eiver- 
side, in the summer of 1931, after the fruits had attained an average diameter 
of 35 millimeters (1.36 inches). During the six-weeks period June 29-Angust 
10, plot 1, in which a supply of moisture available to the roots was present at 
all times, dropped an average of 107 fruits per tree. The trees in plot 2, from 
which water was withheld until the top foot of soil had remained at about the 
permanent wdlting percentage for one week, lost in the same period an average 
of 358 fruits per tree, and plot 3, in which the top foot of soil had been at or 
below the permanent wilting percentage for two weeks and with the second 
foot at the permanent wilting percentage for one week, lost an average of 436 
fruits per tree. The tree yields averaged 197, 94, and 84 pounds of fruit, re- 
spectively, from the three plots, showing the possible effect of excessive drying 
out of the soil even in the very last part of the so-called “June drop” period. 

Reed and Bartholomew (1930), following a field study of severe wind in- 
jury, conclude that a large part of the damage from wind burn could be 
avoided by cultural and irrigation practices which promote water penetra- 
tion and the full development of the rooting system of the trees. Trees that 
have a healthy, well-distributed root system and an available soil-moisture 
supply through the growing season will, other things being equal, suffer the 
least damage. 

Observations made in an orange orchard near Somis, after a windstorm of 
high intensity and low relative humidity, showed severe burning of orange 
leaves but little or no injury to three lemon trees that were in different parts 
of the orchard. The orchard had just been irrigated. Soil sampling, taken to a 
depth of six feet, showed a veiy favorable moisture content below one foot 
throughout most of the soil. Cameron, of the California Agricultural Experi- 
ment Station, has made observations on the number of leaves and leaf surface 
of orange and lemon trees and has found that the leaf surface, on trees of 
comparable size, is much greater in the orange than in the lemon tree. This 
might explain why the lemon ti-ee, growing under comparable conditions, does 
not transpire so much water as the orange tree, or show so severe injury during 
periods of desiccating winds. 

Effect of irrigation on the apparent rate of growth of citrus fruits. — In 1919 
Jensen reported sbme observations on the relation between increase in volume 
of lemon fruits and certain soil-moisture conditions. He found, in the Corona 
lemon district of California, that wdien irrigation water was applied at inter- 
vals of about fifteen days the lemons increased in size more rapidly than when 
water was applied at intervals of about thirty-six daj’^s. The seasonal amounts 
of water applied were about the same under both systems. He stated that the 
rate of fruit growth could he used as an approximate indicator of the moisture 
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requirements of the trees. Ilalma (1934) found that the growth of Washington 
Navel oranges seemed to folloAV the same general trend as the average soil 
moisture in the top two feet of soil. These observations were made with respect 
to three irrigation treatments. In treatment 1, a readily available moisture 
supply was maintained in the irrigated soil throughout the season. In treat- 
ment 2, soil moisture was reduced to about the permanent wilting percentage 
ill the top foot of soil prior to each irrigation, and in treatment 3, water was 
withheld at each irrigation until the top foot of soil had remained at the 
permanent wilting percentage for about one week. In treatments 2 and 3, three 
periods in which soil moisture was not readily available occurred, the length 
of time that soil moisture was inadequate in treatment 3 being more severe 
than that usually found in commercial orchards. 

Under treatment 1, with readily available moisture present throughout the 
.season, the fruit made a steady growth except during the Aveek of August 17- 
24, Avhen the apparent growth rate was undoubtedly influenced by the ex- 
tremely high temperatures prevailing during that period. However, the fruit 
.shoAved a definite response to a rainfall of 1.43 inches on August 29, regaining 
in the period August 24-31 the loss in apparent groAvth rate incurred during 
the preceding week. 

In treatments 2 and 3 the relation between soil moisture and apparent 
groAA'th rate AA'as marked. In both of these treatments there seemed to be a 
definite tendency for the apparent groAvth rate to slow up AA'hen the top foot 
of soil AA'as still AA'ell above the permanent wilting percentage. Each irrigation 
in these treatments produced an immediate response in apparent groAvth rate, 
and at the end of the season the fruit from all the plots Avas practically of the 
same size. Plot 1 , hoAX'ever, produced more than plots 2 and 3 combined, the 
difference in yield being caused primarily by the seA'ere fruit drop on plots 2 
and 3, as preA'iously mentioned. 

Data obtained by Halma and Beckett, presented in figiire 165, show the 
response of Valencia orange, s to widely different soil-moisture conditions. Plot 
1, at the Citrus Experiment Station, reeeiA'ed normal irrigation treatment, 
four irrigations being- applied at four- to six-Aveek intei-A'als from June 14 to 
November 1, and Avith the exception of a short interval before the irrigation 
of September 20 all of the irrigated soil ma.ss Avas above the peimanent AAulting 
percentage throughout the season. The response of the fruit to irrigation was 
A'eiy similar to that of the naA-el oranges, with a sloAA'ing up in the apparent 
groAvth rate before the permanent Avilting percentage was reached in the top 
foot of soil and Avith a A-ery definite increase in groAA'th rate foIloAving each 
irrigation. 

In plot 2, the breaking of an irrigation pipe line so much delayed the second 
irrigation that definite Avilting of the trees occurred, resAilting in foliage burn 
on the south side of the trees and a slirinking in the size of the fruit between 
August 12 and 19. There Avas a definite difference in fi-uit size in the tAvo plots 
through the summer, OAving possibly to the difference in climatic conditions 
of the tAA’o localities. IIoAvever, it may be observed that even though the trees 
AA-ilted badly in plot 2 prior to the irrigation of August 20, practieall.v the same 
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Fig. 165. Soil-moisture variations and rate of apparent growth of Valencia 
oranges under widely dilferent soil-moisture conditions, at the Citrus Experi- 
ment Station and at East Highlands, California, season of 1932. 


difference in fruit size in the two plots existed on October 31 as was measured 
on June 30. Furthermore, this drought in plot 2 resulted in neither fruit drop 
nor fruit splitting after the water was applied. 

Soil temperature in relation to transpiration. — ^Bialoglowski (1937), work- 
ing with rooted lemon cuttings growing in culture solutions under controlled 
root-temperature conditions, found that the rate of water loss through transpi- 
ration was slightly retarded at 35° C. (95° F.) and very markedly at root 
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temperature above 35° C. and below 15° C. (59° P.). This relationship is 
shown in figure 166, Girton (1927) measured the effect of temperature on the 
rate of root elongation of the sour orange and found that best growth occurred 
when the temperature was below 90° P., that at 93° P. growth had been re- 
duced 50 per cent from the maximum rate, and that it ceased at 98° P. 

Prequent irrigations of a grapefruit orchard on the Yuma Mesa, Arizona, 
maintained a lower temperature than was found where less frequent applica- 
tions were made. The maximum temperature depressions produced by an irri- 
gation were 4 to 10 degrees at 1 foot, 3 to 5 degrees at 2 feet, and 1 to 2 degrees 



Pig. 166. Effect of root temperature on 
the rate of transpiration of rooted lemon 
Cuttings. (After Bialoglowski, 1937.) 


at 3 feet. Within ten daj's the effect of the irrigation on soil temperature was 
wiped out. 

As Bialoglowski has shown, low temperature can affect water absorption 
by roots as adversely as high temperature. There is ample evidence that in 
cold winters soil temperatures fall so low as materially to affect water absorp- 
tion by the roots. In the freeze of 1937 the soil temperature at the two-foot 
depth at the Citrus Experiment Station fell to 40° P., and at the same time the 
atmosphere was extremely dry, the minimum dewpoint reaching -8° F. The 
trees were severely wilted, leaf -water deficits exceeding 20 per cent being 
measured. 

Since the specific heat of dry soil is approximately 0.2, less heat is required 
to raise the temperature of a dry soil a unit amount tlian is required for a 
moist or wet soil. The rate of heat transfer, however, is slower in a dry soil 
than in a moist one (Patten, 1909 ) . 

Effect of irrigation on soil reaction . — ^Various investigators have noted sea- 
sonal changes in soil reaction. Burgess and Pohlman (1928) , working in citrus 
orchards where the soil was high in lime, showed that the trees were more 
chlorotic when a high soil moisture was maintained than when the moisture 
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Fig. 167. Seasonal pH changes during 1938-1939 in a navel orange orchard on Bainona 
sandy loam soil under different irrigation treatments : A, plot received fourteen irriga- 
tions; B, plot received six irrigations; C, plot received three irrigations during 1938. 
(After Huherty ajid Haas, 1 940.) 

■was allo-wed to fluctuate -ividely. The influence of frequency of irrigation on 
soil reaction is demonstrated in figure 167, -whicli represents data collected at 
the Citrus Experiment Station, Riverside, on plots irrigated fourteen, six, 
and three times per season, respectively. The soil ■was less acid just after an 
irrigation than after it had dried. 
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METHODS OP DETERMINING THE TIME TO IRRIGATE 

The problem of obtaining a quick, reliable index for determining soil- 
moisture conditions is an old one. Some orehardists inngate according to the 
calendar, others observe plant responses, a smaller number attempt to deter- 
mine soil-moisture conditions, and still others tiy to correlate water use by 
the plants with evaporation rates from a free water surface. 

Irrigation by the calendar is widely practiced, mainly because many citrus 
growers received their water from water companies that deliver it on a fixed 
schedule. Since the soil within an area served by a water company is seldom 
uniform in water-holding properties, an irrigation schedule proper for one 
gi-ower might not be so for another. In attempts to evaluate irrigation needs 
more successfully, a number of indices have been developed, which will be 
briefly surveyed m the following paragraphs. 

Many growers observe the trees for indications of color change, or wilt, 
which is associated with a low soil-moisture content in the soil occupied by the 
roots. A few use polaroid glasses to reduce the glare while making these ob- 
servations. Some observe shallow-rooted plants growing in the orchard which 
might show water deficiency befoi'e the trees do. Although these methods are 
qualitative, a close observer of tree conditions can irrigate properly, provided 
he can get water on demand. 

Other physiological responses that can be used as a guide to irrigation 
under certain conditions are fruit growth and leaf -water deficit. Jensen (1919) 
and Halma (1934) showed that the rate of fruit growth is associated with 
available soil moisture, a steady, uniform growth indicating adequate soil 
moisture. The lemon fruit appears to be more responsive to moisture changes 
than the orange or grapefruit. Fruit measurement (preferably circumference 
measurement) can be made at the same time of day and used as a guide to 
irrigation, especially in summer (Furr and Taylor, 1939). It is not always a 
reliable index in late fall in southern California, where the mild weather of 
early Pall is often followed by high winds aud extremely low relative humidity. 
The weakness in the method is that it may not indicate the reserve supply of 
soil moisture. Its chief advantage is the ease witli whicli the measurements can 
be made. When this method is supplemented with soil-moisture sampling, a 
verj'^ reliable value is obtained. Esselen (1937), in South Africa, reports that 
fruit measurement is not a satisfactory indication of irrigation needs in that 
citrus-growing region. 

Halma (1935) adapted the method of Stocker (1929) to study of leaf-water 
deficit in citrus. The basis of the method lies in the fact that when the rate of 
loss of water by transpiration is greater than the rate oP absorption of water 
by the plant roots, the water content of the plant is reduced. The reduction in 
leaf water can be measured by the following procedure : Carefully select leaves 
of the same groAvth cj'cle from a designated location on the tree, or trees, and 
put them in a humid eham.ber ; in the laboratory, remove dust from the leaves 
and weigh to the nearest hundredth of a gi'am ; place the petioles of the leaves 
against the bottom of a beaker containing a depth of 1 centimeter of distilled 
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water; put leaves and container in a humid chamber for 24 hours; remove 
leaves and wipe off free water; reweigh. The leaf -water deficit is computed bj' 
dividing the gain in weight times 100 by the weight at saturation : 

Gain in weight x 100 
Weight at saturation 

Compton (1937) , in his studies at Kiverside, found that Washington Navel 
orange leaves are severely wilted when the leaf -water deficit is as low as 7, and 
that the minimum leaf -water deficit at Eiverside normally occurs about 4 a.m., 
the maximum between noon and 2 p.m. Oppenheimer and Mendel (1934), 
working in Palestine with Jaffa orange trees, found higher values. 

Measurements of leaf -water deficit can be made bj’’ investigators and by or- 
chardists who have laboratory facilities. While leaf responses are probably 
more sensitive than fruit responses to soil-moisture deficiencies, measurements 
of the fruit responses can be made more easily. This index has the same limita- 
tions as the fruit-measurement index. 

Another method of testing the response of citrus trees to soil-moisture con- 
ditions is described bj’’ Oppenheimer and Mendel (1934) . Kerosene is injected 
into the leaves, and the rate and extent of spread of the kerosene within the 
leaf is noted. Rapid and extensive movement of the oil indicates a turgid leaf ; 
slow movement, leaves with high water deficits. 

In general, it can be said that those methods which attempt to determine 
soil-moisture conditions by measurements of tree responses have much to rec- 
ommend them. Most of the tests ai*e easily and quicldy made, and the values 
obtained represent the tree response to the soil-moisture conditions prevailing 
in the soil occupied by the roots. There are limitations to the tree-response 
tests, however, the principal drawback being tliat since the turgor of the plant 
is associated with atmospheric conditions, the tree responses may not indicate 
the true soil-inoisture reserve. 

Since the .soil is used as a reservoir for the storage of moisture, it is natural 
that many attempts have been made to find a satisfactory means of determin- 
ing the soil-moisture content. The most common method has been to obtain 
samples of the soil at various depths, usually by foot depths or by horizons, 
and to estimate the moisture content by examinations, or determine the amount 
of water quantitatively in the laboratory. As the soil is normally not uniform 
throughout an orchard, a sufficient number of samples should be taken to give 
a true over-all indication of the soil-moisture conditions. 

Although soil sampling yields quantitative data on the moisture content of 
a soil, it is often laborious and expensive, and on gravelly soils it is unsatisfae- 
tor}^ For this reason quick-reading devices have been developed, including 
some that are electi’ieal. Whitne.v, Gardner, and Briggs (1897) devised a 
method of evaluating the soil-moisture content by measuring differences in 
electrical resistance between two electrodes placed in the soil ; but this method 
has not found favor, for three reasons : the electrodes corrode if they are left 
in the soil throughout the irrigation sea.son, changes in resistance I’esult from 
changes in the salt content of the soil, and the equipment is expensive. 
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Others hare modified 'Whitney’s method so tliat the ditt’erenees in resistanee 
normally resulting from corrosion and the presence of saJines can be excluded. 
The method of multiple electrodes has been used by McCorkle (1!)31). Bou- 
youeos and iiliek (1940) have in large part overcome this difficulty by encas- 
ing each pair of electrodes in a plaster-of-Paius block. The blocks ai’e bimed 
at the desired places in the soil, and the insulated lead wires of each block are 
brought aboA^eground, Avliere a portable resistance bridge is used to make the 
measurement. The electrical resistance between the tAvo electrodes buried in 
the block A'aries Avith the moistiu'e content. For the blocks built according to 
the dcA’eloper's specifications, soil at the field capacity has a resistanee of 
about 500 ohms. As the moisture is depleted, there is little change in resistance 
until the moisture approaches the permanent Avilting percentage, at Avhich 
time the resistance changes rapidly. At the Avilting percentage the resistance 
is in the neighborhood of 50,000 ohms. Plaster blocks that have been installed 
for four years in a citrus groA-e at the ITjiiversity of California Citrus Experi- 
ment Station are still in good A\mrking condition. The method provides good 
information on the soil moisture at fixed positions in the orchard. 

Peeve and Furr ( 1941 ) have attempted to use the amount of Avater lost from 
a shalloAV evaporation pan as an index of soil-moisture extraction by citrus 
trees. A fcAV groAA'ers have used the metliod in cooperation Avith iin-estigatoi-s, 
but it has not been recommended for general use. 

Measurements of soil moisture by electrothermal methods ( Shaw and Baver, 
1939) , or by the dielectric method (Edlefseu. 1934 ; Fletcher, 1939) . have not 
been tried in citrins orchards. It is doubtful tliat they Avill ever be Avidely used 
as a guide to irrigation practice. 

Tensiometers are being used rather Avidely in experimental plots to study 
the tension at Avhich the moisture is held. Because the soil-moisture range 
Avhich they are capable of measuriug is limited (Yeihmeyer, Edlefsen, and 
Hendrickson, 1943), and because normally they are obstructions to cultiva- 
tion, tliey haA^e not been adopted by the citrus groAver. Kichards and Huberty 
(1941) report on their use in an orange grove at the Citrus Experiment Sta- 
tion, PiA'erside. A tensiometer equipped Avith a vacuum gauge has recently 
been developed and is noAv being tried out in commercial orchards. 

SUMMARY 

In summary, it can be said that irrigation is relatively simple in orchards 
on deep, Avell-drained soil, in contra.st to tho.so on slialloAV, jmorly drained soil. 
The deep, Avell-drained soil has a large capacity for Avater reception, and 
hence the danger of dcA’cloping a condition of excessiA’o moisture in it is 
small. Although soils may be irrigated so heavily that much of the soluble 
plant nuti'ients may be leached out, tliei’C is little danger that heuAy irriga- 
tion Avill produce a saturated soil condition. The problem is to irrigate so as 
to maintain in the soil occupied by the ti'ee roots the quantity of moisture 
that Avill preAmnt high Avater deficits in the trees. Tlic amount of AA’ater re- 
quired to moisten the soil depends upon the soil type. The frequency of irriga- 
tion Avill depend upon the climate and the extent, of vegetative groAvth. 
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Very fijie-textured soils, "witli poor internal drainage, are difficult to irri- 
gate properlj'. A rather common practice on these soils is to use the alternate 
system of irrigation. 

The irrigation practice on shallow primary soils (soil formed on bedrock) , 
and on soils with heavy subsoils (claypan soils) , should be to make lighter 
applications and at more frequent intervals than on the deep soils. Water 
should not be applied in amounts that would cause free water to be trapped 
above a dense claypan, for the moisture content of even the soil immediately 
above the water table will then be too high for good tree growth, and will be 
conducive to the growth of root-rot oi^anisms. 
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Chapter XI 


DISEASES AND THEIR CONTROL 

BY 

HOWARD S. FAWCETT AND LEO J. KLOTZ 

I MPORTANT to successfiil citTus growiiig is the prevention and control of 
diseases, a long array of which are found on citrus if one takes into con- 
sideration all citrus localities in the woi’ld. In any particular country or 
locality, however, only a few of these diseases are likely to assume major 
importance. Many of them are found only occasionally, or are minor in im- 
portance, and others may he entirely absent from certain localities. The 
differences in climatic and other conditions between two countries, or even 
two localities in the same country, may be so great as to make diseases that 
are major in one place minor in the other. Many of the diseases described here 
are aggravated by neglect or mismanagement and usually are preventable with 
the exercise of due care. Some, however, are serious, and frequently require 
drastic measures and constant attention if they are to be prevented or cured. 

The diseases are here arranged, for convenience of reference and identifi- 
cation, into groups cori’esponding, in general, to the parts of the citrus tree 
affected: (1) diseases of the fruit; (2) diseases of leaves and twigs; (3) dis- 
eases of trunks and roots. 

Disease, considered broadly, is any condition of the plant or its parts which 
results in such a deviation from the normal structure or function as will injure 
or threaten the life of the tree or its economic usefulness. A variety of agencies 
and factors may produce disease: (1) animal organisms, such as nematodes, 
insects, and higher animals; (2) vegetable organisms, such as algae, fungi, 
and parasitic higher plants; (3) viruses; and (4) nonparasitie influences, 
such as malnutrition, physical factor’s of environment, and inherent weak- 
nesses. Most of the diseases here discussed are those caused by fungi, bacteria, 
and vii-uses, or by detrimental iirfluences in environment and nutrition. Insect 
injuries, some of which are often mistaken for diseases attributable to other 
causes, are discussed in chapters xii-xiv below. Diseases re.sulting from de- 
ficiencies and excesses of certain elements in the soil are discussed by Chap- 
man and Kelley (see Vol. I, chap, vii), and by Batchelor (chap, vii above, on 
fertilization) . 

In the prevention and treatment of diseases three things must always be 
taken into account: (1) the effectiveness of the methods; (2) the cost of the 
treatments; and (3) possible injury to the plants. It is obvious that means of 
control must be employed that are less costly than the losses caused by the 
disease. Prevention of diseases camsed by parasitic organisms is brought 
about by various means, depending on the nature of the disease : (1) keeping 
down sources of infection; (2) avoiding conditions which contribute to in- 
fection; (3) covering the susceptible parts -with fungicides or disinfectants 
to prevent entrance of the organism; (4) employing resistant species or 
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varieties; and (5) excluding the parasitic organism from the orchard or 
locality, or even the entire country, where it has not yet become established. 

In the following discussion of diseases, emphasis will be placed mainly upon 
description of the diseases and of means for their control. Limitations of 
space require that this be brief and concise. 

A more detailed discussion of the histors'- of citrus diseases, their geographic 
distribution, the nature of their causes, and the conditions contributing to 
their occurrence, with numerous references to the literature, will be found in 
Citrus Diseases and Their Control (Fawcett, 1936) . Most of the references to 
the literature prior to 1936 will be found in that book, and only a limited num- 
ber of them will be repeated here. Additional illustrations in color will be 
found in Color Handbook of Citrus Diseases (Klotz and Fawcett, 19416). 
Market diseases are also illustrated by Eose et al. (1943) and Bratley et al. 
(1944) . Some further history of citrus-disease research is reported by Fawcett 
(19416). 

DISEASES OF THE FRUIT 

The fruit diseases consi(|ered in relation to the type of the lesion and the 
tissues of the fruit affected (including blemishes and physical effects, as well 
as effects resulting from the attack of organisms) may be grouped into three 
main divisions: (1) definite decay or rots; (2) internal derangement apart 
from definite decay; (3) external spots, markings, eruptions within the rind 
or upon its surface. 

Fruit Eots 

The fruit rots are of three different types: (1) the rots that are soft and 
easily punctured by a slight pressure of the finger ; (2) rots occurring in such 
a manner that the rind is pliable and leatheiy and is not so easily punctured 
by light pressure of the finger; (3) rots that are firm and dry and that often 
affect all or part of the interior of the fruit. 

COMMON GEEEN MOLD 

This form of soft decay, which is due to Penicillium digitatum Sacc., is 
world-wide in distribution in orchards, packing houses, and markets. It begins 
almost invariably as a result of some injury to the rind. , 

Symptoms. — A water-soaked, soft area appears which in the market is 
often called “blister rot.” This enlarges rapidly, and a white mycelium appears 
on the surface, followed later by the development of olive-green spores which 
form a dust cloud ■when disturbed (fig. 168). The chief characteristics of 
the disease while the soft areas are enlarging are the folloAving: (1) A wide 
white margin of mycelium surrounds a central green area of spores. (2) This 
white area of mycelium is usually pasty and wrinkled. (3) The paper Avrapper 
used in packing adheres to the fruit. In these three respects the green mold 
differs from the blue contact mold, characteristics of Aidiich are that the Avhite 
mycelium forms a narroAver band and is jjoAA'dery, not pasty, in appearance, 
and that the paper AA'rapper does not adhere so readily to the moldy fruit. 
The common green mold alone rarely shoAvs a bluish green color ; but it does 
so if, as frequently occurs, it is mixed with the blue contact mold. 
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Besides the mechauieal injuries that open the way for the common green 
mold, secondary effects may result from the presence of oil or juice liberated 
from the fruit. This citrus oil has an injurious effect upou the surface cells, 
causing them to break down and thus allows the entrance of molds. If juice 
from injured fruit comes in contact n-ith the surface of other fruits, an ideal 
medhun is supplied for the germination and entrance of molds. 

Control. — Common green mold is controlled mainly by careful handling 
of the fruit during all operations of growing and picking, packing-house 
treatment, and marketing, so as to avoid injuries and abrasions. Careful 
handling is generallj’ supplemented bj' treating the fruit with some solution. 
The details of control for this mold and the following one are discussed 
below. 

BLUE CONTACT MOLD 

This second form of soft decay caused by PemcilliHm itaUcum 'Wehmer' is 
somewhat similar to the previous one (fig. 168 ). It is also probably world- 
Avide in distribution. To an appreciable degree it is also caused bj' injuries. 
As compared Avith common green mold. hoAvever, it can spread more readily 
from one fruit to the next bj' contact, appareiifly through the uninjured 
skin and often, in fruits of low A-itality, through the stem end. For this 
reason it is called a contact rot (fig. 176 , * 1 . p. 508 ) . 1 u early stages, before the 
Avhite mycelium and blue spores appear, it is frequently called “pinhole” 
decay or “blister I’ot.” 

Symptoms. — A Avater-soaked, soft area appeal’s, surrounding some injury 
or abrasion. Ordinarily, this area is more easily punctured by pressure of the 
finger than that caused by common green mold. Usually, Ihe initial spots also 
enlarge more slowly than those of common green mold. As the spot enlarges, 
an area of blue spores is formed, which is surrounded by a narroAv band of 
AA'hite mycelium and, beyond this, ahalo of water-soaked, faded tissue betAveen 
the fringe of white mycelium and the sound tissue. After the rot is Avell started, 
blue spore masses may deA^elop inside at the core or in the inner spongy part 
of the rind. 

Frequently, both the blue and the green molds are associated (see fig. 168 ), 
and it is usual to find the common green mold appearing after the bine mold 
has first begun to break doAAui the fruit. The mycelia of both the molds extend 
to the A'erj' edge of the softened tissue, and the effect, as seen Avith the micro- 
scope, even upon the iDi-otoplasm of the cells, can be detected only for a distance 
of 0.2 to 0.3 millimeters beyond the inA'ading hyphae. 

Control of common green and hive contact molds. — The control methods 
are practically the same for both the common gi’een and the blue contact 
mold. Emphasis should be placed on aAmidanee of injuries which may originate 
in numerous ways, since decay from these molds starts from the germination 
and groAA’th of spores in injured areas, and Avith or AAuthout injuries Avhen 
in contact Avith other decaying fruit. 

' Some decays of citrus fruits, usually of luiiior importance, have been associated Avith 
Fe.niciUium verrucosum in South Africa, P. erpansum, F. stoXonifrrnm, and P. roseum in. 
California, P. frucligenum and P. olivaccum in Japan, P. insigne and P. ca7idi(Xum in Italy, 
and P. crustaceum in Puerto Eico (Fawcett, 1936, p. 400). 
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To prevent decay from blue and green molds: (1) pick fruit when it is 
thoroughly dry; (2) handle fruit carefully, so as to avoid injuries during 
all operations from tree lo market, in picking, hauling, washing, grading, 
sizing, packing, shipping, c nd marketing. 

Some of the means of .eventing injuries are: (1) providing gloves for 
pickers and handlers of fruii; (2) using suitable clippers; (3) taking care 
to avoid ladder bruises; (4) avoiding injuries in emptying picking sacks; 
(5) having diy field boxes witli bottoms entirely boarded and free from rot 
residues, nails, splinters, gravel, or sand and litter; (6) filling boxes not too 
full; (7) loading and hauling ■with care not to jostle fruit; (8) supervising 
the picking crews; (9) using only those types of unloading conveyances 
which transport fruit gently; (10) using suitable, well-painted machinery 
to prevent injuries; (11) avoiding careless emptying of fruit at washer, and 
picking out fruit with wormholes, decay, and fresh injuries; (12) avoiding 
accumulations of rubbish and decaying fruit in packing house; (13) using 
care in putting on box covers after packing, to prevent injury to fruit by 
undue pressures ; (14) using care in loading in ears or shii)s. Also, at regular 
intervals the washing equipment should be thoroughly cleaned and the 
brushes sterilized. In fact, general sanitation throughout the packing house 
at all times is advantageous in reducing decay. 

A supplementary aid for partial prevention is washing fruit in one of the 
following solutions, with or without (3) below: (1) borax (for oranges and 
grapefruit, when handled fresh, but not for grapefruit, or for lemons placed 
in storage), 5 to 8 per cent, or a mixture of 4 per cent borax and 2 per cent 
boric acid in hot water; (2) anhydrous sodium carbonate, commonly known 
as soda ash (for lemons and grapefruit if they are to be stored), 1%^ per cent 
by weight in hot water; (3) nitrogen trichloride gas, 5 milligrams per cubic 
foot for 3 hours once or twice weekly on oranges in precooler (Klotz, 1936) . 
Oranges, such as Tulare County navels, when brought into the packing 
houses, are exposed to 6 to 14 milligrams' oi‘ the gas for 3 hours (6 hours, if 
fruit is fully matured). This treatment may be repeated once or twice, de- 
pending upon how long the oranges are hehl, and a final treatment may be 
given to the packed and loaded fruit in the car. Lemons and grapefruit in 
storage are treated one or more times weekly, depending upon the prevalence 
of decay, with 1 to 2 milligrams per cubic foot of nitrogen trichloride for 4 
hours, and in the car also, if neces.sary, with the same dosage and exposure.’ 

Since the amount of decay that subsequently develops is more or less di- 
rectly proportional to the concentration of spores in the air and on surfaces 
of equipment, the spore load should be kept low. Dumping and cleaning 

^ Or a commercial reading of 0.05 to 0.10 p.p.m. Cl in water in Hellige color comparator 
for orange storage and 0.01 to 0.02 parts per million for lemon storage. 

“ Fruit wrappers impregnated with a decay-inhibiting substance should be mentioned as 
a possible supplementary aid. Several chemicals have shown experimentally good promise 
of decay control under rigid trials. These are (o) the tei-pineols such as alpha terpineol 
and allied complexes and (6) chlorine-bearing compounds that liberate chlorine gas slowly. 
It is important that the odor of the wrapper should not be offensive to the packers or 
consumers and that the fruit flavor should not be contaminated. (From unpublished notes 
by Dr. E. A. Baum.) 
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Fig. 169. A, toadstool of the eottony-rot fungus, Sclerotinia schroUorum, growing from selerotiura ; B, root rot; 

C, twig blight; and D, fruit decay caused by the fungus. 
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Fig. 174. Types of psorosis caused by Citrivir psorosis : A, concave gum psorosis, caused by C. psorosis var. concavum; 
B, blind-pocket psorosis ; and C, eruptive blind-pocket psorosis caused by C. psorosis var. alveolatum. 
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Fig. 175. Crinkly-leaf and infectious variegation caused by a variety of psorosis virus. 
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should be done in a separate room, if that is possible, to avoid contaminating 
the processing and packing rooms. Some packing hoiises are also reducing 
decay by disinfecting the houses with chlorine gas (3 oz. per 1,000 cu. ft.) 
just before the start of the regular packing season,' or by atomizing thor- 
oughly all surfaces with pine-oil emulsion.® Rots should be disposed of care- 
fully and promptly, and the whole packing bouse kept thoroughly clean. For 
deodorizing, a chloride-of-lime suspension may be used in scrubbing floors 
and other surfaces. 

OdSPORA EOT, OE SOUE EOT 

Sour rot is a soft, slimy, contact decay caused by the fungus Oospora citri- 
aurantii Ferraris. It most often occurs on mature lemon fruit in storage. 
The tissues soften quickly after infection and become more watery and more 
easily punctured than tissues infected with the gi’een or blue mold. The 
decaying areas at first become creamy yellow, then dark buff, and finally, as 
the water-soaked hyphae show on the surface of the rind, a light buff. The 
fruit finally collapses, becomes slimy, and changes into a watery mass from 
which liquid drips. Fruit flies are especially attracted to it, and thus the 
mass is soon filled with maggots and pupal cases. 

The sour rot is frequently associated with other forms of decay, such as 
brown rot and blue and green molds. Mixture of the sonr-rot organism, 
Oospora, with nearly any of the ordinary mold fungi, especially with the 
Penicillium species, greatly speeds the rate of decay (Savastano and Fawcett, 
1929). This explains why decay appears to increase so rapidly when this 
fungus is present in stored lemons. 

It is prevented by keeping the fmit free from injuries, by washing the 
fruit in hot water or hot solutions, by shortening the period of storage, and 
by taking other precautions like those used against blue and green molds. 

When sour rot is prevalent, frequent inspection of stored fruit is advisable. 

BEOWN SOT 

Brown rot of citrus fruits is caused by any of the following- fungi: Phy- 
tophthora citrophthora (Sm. and Sm.) Leonian, P. parasitica Dastur, P. 
syringae Kelb, P. boehmeriae Sawada (Frezzi, 1941), P. palmivora Butler, 
and P. cactorum Schroet (Klotz, unpublished) . The motile spores (zoospores) 

' Chlorine gas released into the air of the storage or sweat room and rapidly mixed to 
give small, safe concentrations, and hypochlorites dissolved in cold water in concentrations 
yielding 0.04 to 0.06 parts per million of available chloi’ine, have been tried on pure cul- 
tures of these fungi and found very effective in killing them (Klotz, 1936, and Hwang and 
Klotz, 1938). It may be possible to dilute and then release, distribute, and maintain for the 
necessary time an effective and safe concentration of chlorine gas in a storage room con- 
taining fruit, and experiments to that end should be encouraged ; but the difficulties have 
not yet been surmounted. Concentrations were either too great and damaged the fruit, 
or, when they were low enough to be safe, they could not be maintained and were ineffective. 
Chlorine combines so readily with moist surfaces that it weakens quickly from its effective 
concentrations and disappears. Some lemon-packing houses are using hypochlorite supple- 
mented by a solution of sodium-o-phenolphenate. 

“A: Water containing Vs per cent soda ash and Ms pcr cent soap powder. B: A stock 
solution having by volume 20 parts w'hite pine oil, 18 parts cleaning solvent, and 2 parts 
red oleic acid. Mix in proportion of 99% gallons of A to % gallon of B. 
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of certain strains of P. cinnamomi Rands (Fawcett and Bitancourt, 19406) 
and P. drechsleri Tucker may, also, infect uninjured lemons and oranges. 
The decay has been reported in most of the citrus-growing sections of the 
world; it occurs principally in the orchard, but may become troublesome at 
times as a contact rot in the storage rooms of packing houses. Some of the 
same fungi (P. citrophthora, P. parasitica, P. cinnamomi, and P. palmivora) 
also cause brown-rot gummosis, which is discussed further on. 

Infection and symptoms. — The swimming spores which form on the sur- 
face of moist soil are splashed by rains against the low-hanging fruit — 
usually within three feet of the ground surface. If strong winds accompany 
the rains, the zoospores may be carried throxighout the entire tree and infect 
a large proportion of the fruits and flowers, and even the shoots may develop 
a gummy blight (Speroni, 1942). Within three to ten days, small dark dis- 
colorations appear on the surface of the infected fruits, and later develop to 
various shades of drab or brown (flg. 177). The tissue at first remains firm, 
then becomes leathery, and finally soft as blue and green molds invade. A 
characteristic odor distinguishes it from all other rots. In the open air, 
mycelium is rarely visible on the fruit surface, but in a moist atmosphere a 
white delicate mycelium appears and spreads the decay rapidly by contact. 

Control. — ^Where brown rot seriously affects an orchard, and where abun- 
dant rains and long periods of wet weather frequently occur, a 6-6-100 bor- 
deaux mixture (6 pounds of copper-* sulfate, CuSOi-SHoO, and 6 pounds of 
hydrated lime, Ca ( OH) j, to 100 gallons of water) may be applied to the ground 
beneath the tree and to the trunk and foliage to a height of three or four feet 
(Klotz and Fawcett, 1939a, h ; 1941a ; 1942a, 6 ; 19446 ; Klotz and Parker, 
1945; Klotz, 1941a, 6, c; 1943a, 6; 1944a, 6). For ordinary conditions the 
maximum concentration of copper suggested is that of the 3-3-100 bordeaux 
mixture. This may be further diluted to 1-1-100, to decrease liability to 
injury where cyanide fumigation is practiced (Klotz and Lindgren, 1944). 
Even with this low concentration, a period of four or more weeks and at least 
a moderate rainfall should separate spray application and fumigation, if 
injury to leaves and fruit is to be avoided. The addition of zinc sulfate to 
the spray has been observed, on a few occasions, to decrease the injury from 
fumigation. A formula employing 5 pounds of zinc sulfate (22.7 per cent 
metallic zinc), 1 pound of copper sulfate, and 4 pounds of hydrated lime to 
100 gallons of water is used. This spray will also correct mottle-leaf resulting 
from zinc deficiency if it is applied to the entire foliage. 

Laboratory experiments have indicated that organic chemical tetrachloro- 
p-benzoquinone (1 pound in 100 gallons) approaches the effectiveness of 
1-1-100 bordeaux mixture (Klotz and Middleton, 1943). Moreover, it did not 
aggravate fumigation injuiy. In field experiments, however, its protective 

^ In the seasons 1944-45 and 1945—46, serious damage resulted in some orchards from 
the use of copper-containing sprays (Klotz and Middleton, 1945). Pitting of leaves and 
fruit appeared, and some gumming and defoliation of twigs. No satisfactory explanation 
of this sudden toxicity of copper sprays to citrus has as yet been found. One theory 
is that the acid gases from the new war industries near the eitrus-growing areas are 
making the relatively insoluble deposit more soluble and releasing toxic copper ions. 
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effect soon began to diminish, and eventually ceased entirely. An effective 
sticker and spreader should be added Avhen the sprays described above are 
used. In recent experiments, the most effective adhesives and sjjreaders, as 
judged by amount of copper retained after weathering and by degree of 
protection afforded against brown rot, were those containing mineral oils. 
Next in effectiveness were casein (the parent protein, not its salts) and whale 
oil-rosin soap. Two other new organic fungicides, zinc dimethjd-dithio-car- 
bamate (2 pounds in 100 gallons) and ^isodium-ethylene-bis-dithio-carba- 
mate (1^4 pounds with 1 pound of zinc sulfate and pound of hydrated 
lime), have afforded satisfaetorj’^ protection of lemons in laboratory experi- 
ments and in some field experiments (Klotz and Zeutmyer, 1946). While 
their protective effect does not last as long as that of bordeaux mixture, their 
use is suggested where severe copper damage has occurred or where HGN 
fumigation must soon follow the spray. 

In the packing house, brown rot is prevented from spreading by immers- 
ing all fruit for at least 2 to 4 minutes in: (1) hot water at 115°-120° F., or 
(2) 1% per cent solution of anhydrous sodium carbonate (soda ash) either 
cool or hot, or (3) a solution of copper sulfate — 1 to 2 pounds to 1,000 gallons 
of water. The continuous type of submergers should be used (Klotz, 1 941n, Z», c ; 
1943a; 1944c, d). 

When either of the fir.st two methods just described is employed, the turgid 
fruit of the winter crop must first be conditioned by drying to a slightly 
wilted state before it is immersed, iii order to prevent the liberation of toxic 
rind oil. Lemons picked in or after a period of dry weather should be held 
from 36 to 48 hours before being subjected to the hot-water treatment; if 
picked soon after a rain, they should first dry in the packing house at least 
4 days before the hot immersion. If crowded conditions make precondition- 
ing infeasible, lemons should not be washed in solutions with temperatures 
exceeding 100° P. Oranges, though less sensitive than lemons to rind-oii 
liberation and injury, should be kept at least a day between picking and 
processing. For lemons at 65° P., an immersion of 2 minutes at 120° P. will 
prevent decay by killing the Luigus in the upper layers of cells of the rind 
even though, for as long a time as 30 hours previously, the fungus may have 
penetrated the fruit sui-face. Cold toxic solutions, although they prevent 
infection of sound fruit in the washer, kill only those parts of the fungus 
■with which they come in contact (Klotz, 1943o). 

COTTONY EOT 

The cottony-rot fungus, Sclerotinia sclerotiorum (Lib.) Mass., causes 
twig blight (p. 548) and root rot (p. 567), as well as a decay of all varieties of 
fruits (fig. 169, p. 500). It is especially injurious on lemons in storage, where 
the infected fruits develop a rot that is at first leathery and pliable, and 
later, as the white aerial stage (fig. 176, G) of the fungus appears, soft and 
dripping. Within the white cottony mass are formed black, compact, seed- 
like bodies (sclerotia), which under field conditions develop .small toadstools 
(fig. 169, A and B). Prom the upper surface of the toadstools, spores escape 
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explosively and may infect fruit if thej" lodge in a fresh wound on the fruit 
surface. Decay later develops in the fruit, whether in storage or in transit. 

Control . — Although no orchard spray can be applied economically for the 
prevention of fruit and twig decay, other precautions should be practiced in 
the field. Picking boxes should not be allowed to become contaminated by- 
being left in contact with wet soil and cover crops for long periods. Cover 
crops may be temporarily discontinued in those orchards the fruit from 
which has shown large quantities of storage decay from this fungus. Twig 
infection, which occurs more abundantly after frost injury, may be ignored, 
or the dead twigs may be pruned out at the time of removal of deadwood. In 
the packing house, washing the fruit in hot water or hot 1% per cent soda 
ash solution at 117°-120° F. for 2 minutes or more, or at 114°-120° F. for 3 
minutes or more, as for brown rot, will kill spores and vegetative parts of the 
fungus that can be reached by the chemical and the heat. Spores in the deep 
wounds may escape the washer treatment and later develop the serious con- 
tact rot of the storage fruit. The deeay^ will spread from one box to the ones 
below it by dripping from the rotting mass. Inspection of storage, and elimi- 
nation of decay^s and contacts, should be thorough and frequent. 

BOTBYTIS EOT 

The Botrytis rot or “gray mold” caused by Botrytis cinerea Pers. is some- 
what similar to the preceding. Besides occurring on fruit in storage or in 
transportation, it may also occur in the orchard. It spreads by contact, but 
less rapidly than the cottony rot. Its initial stage somewhat resembles that of 
cottony rot; in later stages its main characteristic is a gray instead of a white 
mold on the surface. When it appears on lemon fruits, the surface becomes 
cinnamon drab or cinnamon brown, later turning to shades of buff brown 
or dark brown (fig. 176, C; p. 508). Wlien it occurs on oranges, the color 
may be medium to dark yellowish brown. 

The fungus lives on a variety of decaying matter in the orchard, such as 
leaves, petals (fig. 176, B), twigs, fruit, bits of wood, or other vegetable 
matter in the tree or soil. The spores may be carried bj’^ wind, water, insects, 
or other carriers. It develops principally in cool, moist weather, and slight 
frost injury appears to render the tissue more susceptible to the fungus. 

The means of control for Botrytis rot are mainly tlie same as those for 
cottony rot previously described. 

Investigation has shown that Botrjdis and Sclerotinia have caused in- 
creased abscission of young lemon fruits in Ventura County groves (Tyler, 
1946; Klotz, 1946c ; Klotz, Calavan, and Zentmyer, 1946). The fioral parts, 
principally the petals and stamens, are attacked, and abscission of the en- 
closed ovary, and of young fruits with which the fungus mass comes in 
contact, is induced by chemicals that are formed, and by a toxic state that 
is set up, by the fungi. The sepals and young fruits are apparently not in- 
vaded by the fungi until after abscission. Copper sprays applied when wet 
foggy weather occurs during the blooming will protect the young fruit and 
decrease loss from dropping. 
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TEICHODEEMA EOT 

TrichoSerma rot, produced by Trichoderma lignorum (Tode) Harz, may 
at times cause much loss in lemon storage. It starts at injuries, at a devital- 
ized stem end, or by direct contact of a sound fruit with a decaying one, and 
since the fungus can readily invade the wood of the fruit boxes the wooden 
partitions cannot confine the decay. It frequently accompanies other com- 
mon decays. Although it is firm, it is somewhat pliable, is brown to cocoa 
brown in color, and has a coconut-like odor. 

The fungus starts as a whitish growth, which turns greenish yellow and 
various shades of yellowish and bluish green as the spores are formed. While 
the organism attacks and destroj's citrus fruits, it plays a beneficial role in 
the seedbed, where, if the soil reaction is in the range of pH 4.0 to 5.5, it 
protects citiTis seedlings from Bhizoctonia solani and other damping-off 
fun^ (Weindling and Fawcett, 1936). 

Since the decay usually occurs under the same conditions as those w'hich 
bring about blue and green molds in storage, the means of prevention indi- 
cated for the latter are usually sufficient for the control of Trichoderma rot. 

ALTEENAEIA EOT, BLACK EOT, CENTEB EOT 

Several types of decay and spotting may be caused by Alternaria citri 
Ellis and Pierce (Fawcett, Klotz, and Nixon, 1936 ; Bliss and Fawcett, 1944) 
or related species of fungi. This fungus is also found in Alternaria spot of 
fruit and leaves (p. 525). The decay in oranges is usually different from 
that in lemons. In oranges it is generally known as black rot ; in lemons, as 
Alternaria rot or center rot. In oranges, especially in navel oranges, the 
black rot is most often noticed just before the crop colors on the tree. 

Symptoms. — The infected orange fruits become deeply colored sooner than 
the sound fruits and turn a deep orange color. The fruits often apiiear sound 
on the exterior, but show, when cut, a black, fii’m, decayed place within or 
near the stylar end. The structure of the navel orange, with its secondary 
fruit at the stylar end, makes it especially susceptible to black rot. The dry 
interior decay is mummy brown to black and proceeds slowly in sound tissue 
(fig. 170). It usually occurs near tlie ends only, and to one side of the navel 
end. In South Africa, Wager (1939a) has found that oranges with large navel 
ends tend to devdop the navel-end rot, and that the large navel ends result 
(1) from harsh weather conditions when the fruit is 0.2 to 0.3 inch in size, 
and (2) probably from water abnormalities when the fmit exceeds 1.5 inches 
in size. 

In lemons the decay takes, in general, two forms: (1) In mature fruit of 
low vitality there is a soft breakdown of the. central axis or core, brought 
about by entrance of the fungus from the button or stem end. Such fruits 
may appear outwardly sound, but under slight pressure they crush easily. 
The soft, disintegi’ated condition of the interior differs strikingly from the 
dry, firm, black rot of oranges. The color of the interior takes on shades of 
brown to nearly black. (2) On fruits of higher vitality there may be a slower 
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gradual browning of the exterior, also. The consistency varies from firm, 
pliable, leatheiy to soft, pliable, and the color from chestnut brown to 
olivaceous black. 

Control. — Black rot in oranges is rarely thought to require preventive 
measures. Occasionally, however, there are seasons when a large proportion 
of navel oranges are affected. It then becomes necessary to cull at the packing 
house, so far as possible, all oranges with Alternaria rot in them, since they 
break down rapidly on the way to market (Bartholomew, 1D26). The decay, 
though slow, often opens the way for green and blue molds. 

The production of strong, resistant fruit of high \'itality is the chief means 
of controlling Alternaria rot in lemons. It requires (1) proper soil fertiliza- 
tion, irrigation, protection against wind and against too low temperatures, 
and the like; (2) picking fruit before it has been too long on the trees, espe- 
cially the tree-ripe fruit; (3) maintenance of good storage conditions and 
the avoidance of prolonged stoi-age of frait of low vitality, especially that 
which is slightly damaged internally by fi-ost or which shows internal decline 
or membranous stain ; and (4) elimination from shipment, so far as possible, of 
fruits of low vitality, esspeeially in warm summer and fall Aveather. 

AXTHRACXOSE ROT 

(See also Antliraenose of twigs and leaves, p. 540, 
and Antliraenose spots, p. 524) 

Anthracnose rot, a soft, pliable rot most often found in mature, overripe 
fruit, is caused by the Anthracnose fungus, Colletotrichum gloeosporioides 
Penz. In lemons it is often similar to the stem-end type of Alternaria rot. 
Frequently, both Alternaria and Colletotrichum enter the same fruit. Most 
of the strains of C. gloeosporioides, and some species in the related genus 
Gleosporium, are unable to cause serious rotting in fresh, vigorous fruits of 
high vitality. The decay starts either as a small, brown area around the 
button or stem end or around rather scA-ere injuries to the rind of mature 
fruit. The same fungus produces hard, dry spots on the surface of fruits and 
sometimes tear stain as Avell. As tlie decay progresses, the areas become dark 
brown to almost black. Fruits appear to be most subject to this rot when 
slightlj" injured by frost or other conditions that lower their vitality, e\'en 
though no visible effect can be seen preceding the decay. 

PHOMOPSIS STEM-EXD ROT 

Phomopsis stem-end rot, Avhieh is caused by Diaporthe citri^ (FaAV.) "Wolf, 
starts as a firm, pliable decay at the button end of the fruit. The same fungus 
causes melanose (p. 533) and is usually an important secondary factor in 
shell bark (p. 558). The rot A’aries with the degree of maturity of the fruit 
and with the moisture present. Starting with a slight softening and discolora- 
tion around the stem button on oranges or lemons, it changes to drab and 
brown in color and becomes more pliable under pressure of the finger. Inside 


' The fungus is usually seen in its impeifeet or Phomopsis stage. 
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the fruit, the light-brown decay advances rapidly through the core and the 
inner white portion (albedo) of the peel. In California, the rot occurs only 
as a'minor decay on fruits of low vitality in storage; but in Florida in some 
citrus-growing areas it frequently causes serious losses of fruit in transit. 
The rot is also occasionally found in fruits in the orchard. 

Control. — Measures practiced in Florida for the protection of oranges and 
grapefruit may be summarized in directions as follows : Prune the trees to 
remove the deadwood as a source of infection. Between April 15 and May 5, 
spray with a 6-6-100 bordeaus mixture containing 1 per cent heavy minei’al 
oil emulsion, or make two postbloom applications of 3-3-100 bordeaux with 
1 per cent oil emulsion, separated by a month’s interval as required for 
melanose control. Pick the fruit before it is overmature. Grapefruit may be 
debuttoned by pulling instead of clipping as it is removed from the tree. 
Clipper-picked grapefruit and oranges may be debuttoned by the use of ethy- 
lene gas within 4 days after picking. Wash the fruit in 7 to 8 per cent borax 
solution at 110° P. Keep the packed fruit at 45° to 50° P. Ship and market as 
rapidly as possible. 

Good control has been obtained experimentally by dipping fruit in 4 to 10 
per cent solutions of thiourea, but because it may be a danger to the health of 
human beings the chemical cannot be used commercially. 

DIPLODIA AND DOTHIOHELLA BOTS ' 

This form of decay, caused by Diplodia natalensis Pole-Evans‘ and the 
Dothiorella stage of Botryosphaeria rtbis Gros. and Dug., or related organ- 
isms, usually begins at the stem end, but may also start at the stylar end or 
at injuries to the rind. Like Phomopsis stem-end rot, it is a leathery, pliable 
decay, and in its early stages cannot readily be distinguished from that form 
of decay. It most often occurs in fruit that is in stoi-age or in transit from 
orchard to market. 

Symptoms. — As in decay caused by Phomopsis, there is at first an almost 
imperceptible discoloration around the button, soon followed by a leathery, 
pliable condition and a drab to brown color; the decay is usually darker both 
externally and internally than that pi-odnced by Phomopsis. On oranges it 
may show wide bands on the surface, corresponding to the division of the 
segments within ; it is usually accompanied by exudation of amber-colored, 
sticky juice ; and as the entire fruit is rotted, the color becomes dark olive 
green to black. One of the California strains of Diplodia often produces a 
dark lavender color inside, and a California strain of Dothiorella produces 
under the same conditions a brovTi color inside. There is so much variation, 
however, in both of these fungi that the final stages of decay produced by 
them cannot be easily distinguished. Both of them usually have a stronger, 
more penetrating odor than Phomopsis stem-end rot. 

‘ The perfect stage of this fungus is Phy.ioloxpnra rliodma (B. and C.) Cooke (Stevens, 
1926; also Voorhees, 1942). Another Diplodia, D. snrmentnrvm (Pries) (Wollenweber, 
1941), is also capable of producing a similar decay. Tliis was identified by Neil Stevens 
from some of the specimens originally thought to be D. nataleyxis Evans from California, 
Sicily, and South America, in a list and accompanying letter to H. S. Fawcett, May 4, 1940. 
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Diplodia natalensis also produces a decay of limes called charcoal rot. It 
begins on mature limes as a copper-colored brownish spot. As the process of 
decay approaches completion, the fruit dries and is tilled with black, hard, 
charcoal-like masses of fungus mj'celium. 

Control. — The control of Diplodia and Dothiorella rots is mainly the same 
as for the Phomopsis stem-end rot (p. 514). The fungi causing them, how- 
ever, appear to be more resistant to copper than the Phomopsis fungi, and 
hence the spraying recommended in Florida for Phomopsis stem-end rot 
may not be so good a preventive measure against them. The trees should be 
kept in a vigorous condition fi'ee from scale insects, the deadwood removed 
so far as good orchard practice requires, the fruit kept, if possible, at low 
temperatures after picking, and the period betweeir picking and consumption 
shortened as much as possible. 

1NSPIS80SIS, OB DBT BOT 

This rot, produced by either of two yeastlike fungi, Nematospora coryli 
Peg. or N. gossypii Ashby and Nowell, consists in a thickening and drying of 
internal tis-sues of the fruit without manifestation of external symptoms. In 
advanced stages of the disease, the juice vesicles, besides being dry, are gi’eatly^ 
thickened. On citrus fi’uits the disease has been reported in the Philippines, 
South China, and the 'West Indies, and more recently in the Imperial Valley, 
California, and in Florida. The yeastlike fungus appears to be earned into 
the iiUerior of the fruits through punctui’es made by certain insects. 

Symptoms. — ^In the Philippines, the early' stages of this rot on the segment 
walls of the fimit show a white, mealy texture, and sometimes the flesh be- 
comes dry- and brittle. Vesicles separate easily from one another, and become 
dry and free from juice; and their walls thicken. The fruits also have an 
unpleasant taste. In advanced stages of the rot, they' become dry' and almost 
tasteless. On grapefruit and oranges in the Imperial Valley, California, and 
in Florida the juice vesicles just inside the rind collapse and often later be- 
come slightly brownish in color and tend to dry' out rapidly. 

Control. — It is likely that the only efficient method of control would be to 
prevent the attack of the puncturing insects which appear to cany this dis- 
ease mechanically. An investigation in the Imperial Valley, California, dis- 
closed that it was carried from the pomegranate to citrus by the puncture 
bug, Leptoglossus zonatus (Dallas), and that it did not occur on citrus except 
near pomegi’anate trees. 

MISCELLAJTEOTTS FOBMS OF DECAY 

The following fruit rots causing decay are of minor importance and will 
not be described here. Descriptions of them will be found in Citrus Diseases 
and Their Control (Fawcett. 1936) at the pages indicated: Pink mold, page 
399; Aspergillus rot, 403; Rhizopus rot, 405; Rolfs Sclerotium rot, 405; 
Pleospora rot, 435 ; Fusarium rot, 438 ; Candelospora rot, 465 ; Rhizoctonia 
rot, 464; Miieor rot. 465 ; Phoma rot, 465; Hendersonula rot, 464; Poria rot, 
465 ; and Thelaviopsis rot, 464. 
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None of these rots are known to cause much damage under ordinary con- 
ditions, and if their control should become necessary the methods described 
above for similar rots would probably be found effective. 

Internal Breakdown and General Effects 
Besides the definite forms of decay tliere are internal breakdowns and 
deteriorations which can scarcely be designated as decay or rot. Most of those 
to be considered here have not been found to result from the presence of or- 
ganisms, but have been attributed to environmental effects. Although they 
are not true rots, they often open the Avay for some of the rots previously 
mentioned. 

ENDOXEROSIS, OR INTERNAL DECLINE 
A gummy breakdown beginning usually in the peel of the stylar end' of 
lemons is known as internal decline or endoxerosis. Growers and packing- 
house workers have given it other names, including blossom-end decline or 
decay, dry tip, yellow tip, pink tip, and tip deterioration. It may be confused 
with Alternaria rot, whicli frequently accompanies or follows it. In Califor- 
nia it usually makes its first appearance in the orchai’d in May or June, and 
reaches a maximum in the dry summer and autumn (Bartholomew, 1937). 

Symptoms. — Externally, the affected green lemon may show a loss of luster 
or a yellow color at the stylar end. As the fruit matui-es, the rind surface 
suiTounding the nipple is depressed and the nipple may bend toward the 
deeper part of the depression. Internally, in the albedo of the rind, pinkish 
to rust-brown-colored masses in the vicinity of gum-filled vascular bundles 
are frequently found near the nipple and in the core. In advanced stages of 
the disease these are found in any part of both albedo and core. If the veins 
of the affected parts, especially of green fruit, are cut through, gum may 
appear as drops. Collapse and drying of the juice sacs follow and progress 
until all or nearly all of the pulp of the stylar half is affected (see fig. 171). 
Usually, the fruit then drops from the tree. 

Control . — Observation and experiments indicate that the principal causes 
of internal decline are related to water conditions within the tree and fruit, 
which in turn are influenced by the temperature of the soil and its supply of 
moisture, mineral nutrients, and organic matter, by the abundance and con- 
dition of the feeder roots and general condition of the tree, and by the tem- 
perature and humidity of the air. Internal decline is therefore less severe 
in plantings near the coast, in orchards protected by adequate windbreaks 
and with sufficient irrigation, fertilization, and other good orchard pi-actices 
that are favorable to tree health. 

If all colored fruit, regardless of size, is removed early in the spring, and 
if the lemons are picked promptly as they approach picking size — a smaller 
ring being used in years of severe decline, — ^much of the trouble can be 
avoided. In the packing house, experienced workmen, judging by external 
symptoms, can eliminate most of tlie affected fruit at the washer. Severely 
affected lemons float with the stylar end upward, owing to air space in that 
portion. (See also Vol. I, p. 692.) 
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STYLAE-END EOT 

Stylar-end rot is a breakdown most commonly found in Tahiti or Persian 
limes, but occasionally occurring in other limes and in lemons. The depressed 
areas, which are firm and fairly dry, start as water-soaked, whitish to drab, 
sunken patches at the base of the tip, and progress until from one-fourth to 
one-half the fruit is affected. Internally, there develops a condition somewhat 
resembling endoxerosis, as the tissue dries and collapses (see fig. 171, right). 
No means of prevention is known. Part of the loss may be avoided by picking 
fmit before it becomes too mature. Stjdar-end rot may occur in climates with 
high humidity if the tree roots absorb insufficient water. Maintenance of 
optimum soil-moisture content should help to prevent the rot, and the meas- 
ures suggested under “Endoxerosis” should help to decrease its occurrence. A 
breakdown of lemon fruit indistinguishable from stylar-end rot was induced 
by storing the fruit at high temperatures (105° to 110° F.) and high humidity 
(96 per cent) for 36 hours (Klotz, unpublished). 

MEMBEANOUS STAIN, OB MEMBEANOSIS 

Membranous stain, or membranosis, is an internal breakdown of lemons 
which develops in stored fruits, particularly in old fruit and other fruit of 
low vitality. The membrane partitions or carpellary walls between the pulp 
segments become discolored a light to sooty brown or black in irregular but 
definite areas (fig. 178, B). The central core sometimes shows the staining. 
Although membranous stain shows no external symptoms, it usually accom- 
panies the later stages of red blotch and, occasionally, peteca (see p. 521). 
All three of these breakdowns are favored by inadequate ventilation and 
by storage temperatures that are held much below 55° to 58° P. for long 
periods. With some alteration in packing-house practices or equipment it is 
usually possible to improve storage conditions and decrease these troubles. 

Orchard factors that seem to favor the later development of the trouble are 
frost, periods of low but not necessarily freezing temperatures, drying winds, 
and large fluctuations in the moisture content of the soil. These can be modified 
to some degree by adequate frost and wind protection and care in soil-moisture 
control. 

EXCESSIVE FEtriT DEOP, OE CABPOPTOSIS 
(INCLUDING JUNE DEOP) 

Excessive fruit drop may occur in two phases : excessive shedding in the 
immature stage, and excessive dropping as the fruit approaches maturity. The 
former is commonly known in California as “June drop” (Coit and Hodgson, 
1919) and in South Africa as “November drop” (Wager, 19395), and the lat- 
ter as “fruit drop.” Sometimes it is difficult to distinguish between normal and 
abnormal dropping. Excessive shedding of fruits, in both phases, may be due 
in part to adverse climatic conditions, unfavorable conditions of water supply 
and nutrition, or injuries caused by insects and fungi. Two or more of these 
factors may often be operating together, or one following another, so that it is 
difficult to separate their effects; most important, apparently, are unfavorable 
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Fig, 178. A, rind-oil spot or oleocellosis; B, membranous 
stain or mcmbranosis. 

conditions of climate and nutrition. There appears to be a close relationship 
between excessive shedding and lack of available nitrogen. In South Africa, 
Wager (19396) judged that excessive drop is a result of harsh weather con- 
ditions such as high temperatures, low humidities, and strong winds. 
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Preliminary experiments in which spraj's of growth-regulating materials 
were applied for the checking of the drop of both immature and mature fruit 
have been encouraging (Stewart, Klotz, and Hield, 1947) . 

GRANULATION, OB SCLEEOCYSTOSIS 

Granulation, technically called “scleroeystosis” and referred to inappropri- 
ately as “crystallization,” is found most often on fruit picked late in the season. 
It is often referred to as “dry end.” In California it is mostlj' found in Valen- 
cia oranges. 

It usually .starts near the stem end, and extends first in the region close 
to the core. Separation of cells near the center of the juice sacs allows air to 
enter, giving the sacs a clear-white appearance. The sacs become hard and 
firm by a thickening and stiffening of their walls. Finally, a dry, woody, solid 
condition results. Kapidly growing and larger fruits have a greater tendency 
to show granulation than more slowly growing, smaller fruits. Some rootstocks 
tend to induce it more than others, especially the Rough lemon (see chap, ii, 
p. 119, above) . Early picking may avoid some of the losses from granulation. 
Fluoroscopic examination has been found helpful in eliminating affected 
oranges. For details of this disease see MacEill (1940) , Bartholomew, Sinclair, 
and Turrell (1941) , and Volume I, page 690, of the present work. 

FRUIT GUMMING 

Gum formation within the fruit or on its surface frequently occurs and takes 
on various forms. Gum at the navel cavity of green orange fruits may be due 
to invasions of organisms at an early stage. Defective development of a seg- 
ment of the fruit may also give rise to gum formation. Gum may form at the 
surface of small green fruits as a consequence of fumigation injury or of insect 
injuries such as those caused by Tortrix or by grasslioppers. Gumming may 
occur as a result of deficiencies or excess of vailous mineral elements. 

Gum forms in the albedo of the rind and in the core from boron deficiency, 
and in the angles of the segments toward the center in exanthema resulting 
from copper deficiency (see “Exanthema,” p. 535 below, and “Copper,” chap, 
vii, pp. 360-361). Gum deposits in the albedo and core are irsually found in 
lemons affected with internal decline. During periods of fairly high tempera- 
ture, some gum may result from the invasion of organi.sms such as Alternaria 
fungus and canker bacterium. 

External Spots, Markings, and Eruptions 

The external spots, markings, or other effects on the surface of citrus fruits 
may be rouglily divided into three general types : (1) those which are usually 
sunk below the surface of the surrounding normal tissue of the rind; (2) those 
which are raised above the surface of the surrounding tissue, either as pustules 
or as seablike prominences not easily rubbed off; and (3) superficial pustules 
and markings that are readily removed by rubbing. Some of these may be con- 
sidered as definite diseases ; others merely impair the appearance gf the fruits 
until thej^ are removed. 
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The eaiise of many of these effects is often difificnlt to determine, because 
different agencies may produce the same physiological effect, often resulting 
in the same type of spot or reaction of tlie host tissue. It is also true that the 
same agencies under different growth or climatic conditions may produce 
different physiological effects. 

BED BLOTCH AND ALBEDO BEOWNING 

These two diseases of storage lemons seem to be aggravated by inadequate 
ventilation and forced curing at high temper*atures and humidities with ethy- 
lene gas. lied blotch, or adustiosis (fig. 172), begins as a superficial red- 
dish brown discoloration, particularly on lemons picked when immature and 
when the weather is cold. The color darkens until it assumes various shades 
of brown to almost black. Lemons from certain groves are more prone to de- 
velop the trouble than fruit grown elsewhere, and one grove is known the fruit 
from which invariably develops red blotch after a few weeks in storage, thus 
suggesting an inherent rind weakness. Besides the inherent susceptibility of 
certain lemons, some products of respiration such as ethyl acetate and other 
alkyl esters are thought to play a part in inducing the rind breakdown. Unlike 
red blotch, which starts on the surface of the rind, albedo browning begins in 
the inner rind, or albedo (fig. 172). Both diseases open the way for infection 
with blue and green molds and other types of storage decay. 

PETECA 

Peteca is a deep pitting or sinking of the surface of the rind, usually some 
time after the fruit is picked. It may sometimes appear on some fruits before 
picking, especially during or following cold weather, and if a heavy oil spra}” 
has been used. The tissues underneath the pits in the albedo or white part of 
the rind are dry and shrunken, at fir.st light and then dark in color. 

STOEAGE SPOT, OE POX 

Shallow, sunken spots varying in size and shape may occur on fruits stored 
under unfavorable conditions of temperature and humidity. On grapefruit, 
pox may begin as small indentations of the rind, which increase in size and 
depth. The spots gradually turn broAvn, especially on exposure to warmer tem- 
peratures. They are formed by the breaking down of layers of tissue containing 
the oil vesicles. Pox is usually most troublesome at 38° P. and below.. For stor- 
age of lemons and grapefruit the temperature should be 57° to 60° P. and 
relative humidity 86 to 88 per cent. Air should be circulated at the rate of 1 
cubic foot per storage box per minute, or up to 600 cubic feet per carload (406 
packed boxes) . Fresh air at the rate of 90 cubic feet per ear per minute should 
be added continuously if the fruit is of good or normal vitality and condition ; 
if it is in poor condition as a result of frost damage, sunburn, decline, and 
decay, it may be desirable to double the intake of fresh air, because injured 
fruit respires faster. Early California navel and Valencia oranges, if not 
treated with ethylene, may be held in a precooler at 35° to 37° P. and 90 to 95 
per cent humidity for a period not exceeding 4 weeks. If they are treated with 
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ethylene, no storage is recommended. The air in the precooler room of the 
packing house should he circulated at a rate of not less than 3,000 cubic feet 
per minute per ear for 72 hours ; 20 to 25 cubic feet per minute of fresh air 
per car should be added continuously. After the fruit is cooled, circulation 
may be reduced to 1,000 cubic feet per ear per minute. 

VALENCIA BIND SPOT 

In California this spotting and pitting develops in the late summer and 
autumn on mature or overmature Valencia fruits of the coastal sections. Losses 
due to spotting and the dropping which follows it have been reported as 
amounting even to 23 per cent of the crop in some groves. Valencia rind spot 
is found almost invariably in the stem half of the orange, the shoulder portion 
and the area around the stem being most frequently affected. Spots seem to 
start from slight injuries, or even from the collapse of single oil glands, with- 
out apparent mechanical injury. The areas are at first only slightly sunken 
and barely discolored ; later, the surface collapse is severe and the spots darken 
to various shades of brown. The breakdown appears to be aggravated by 
cyanide fumigation, washing, and the use of ethylene. Anthracnose and Alter- 
naria fungi may become established in the affected areas, causing further en- 
largement and darkening. 

Observation and experiment indicate that hot weather wdth rain, fogs, or 
high humidity during the later part of the Valencia season may hasten the 
development of this rind spot. Few suggestions can be made for avoiding it; 
where feasible, the fruit may be picked earlier so as to avoid overmaturity and 
the necessity for treatment with ethylene (Sloop, 1942) . 

BIND BREAKDOWN 


Bind breakdown, especially of mature fruit, occurs principally on navel 
oranges which have matured during mild weather. The injury follows wet 
weather with low temperatures, whether the temperature has been low enough 
to freeze the inside of the fruit or not. There may be liberation of oil internally 
and externally, together with collapse of cells just under the cuticle, even 
without visible breakdown of oil glands. This results in brownish yellow to 
dark bi’own stained spots. Imitations of rind breakdown have been produced 
by injections and external applications of orange-rind oil at low temperature 
and high humidity. The use of ethylene gas, and immersion of the oranges in 
hot water while they are still turgid, appear to aggravate the effect after the 


fruits are picked. 


BLACK PIT 


Black pit caused by Phytomonas syringac (Van Hall) Bergey is most 
noticeable on lemon fruits, but may be found also on oranges and other com- 
mercial varieties. The same bacterium produces, on leaves and twigs, lesions 
called citrus blast (see p. 546) . 

The spots or pits usually start with thorn pricks or other injuries to the rind 
in wet weather. The spots, % to % inch in diameter, are light brown to dark 
brown atfirst, finally becoming black (fig. 179,B). 
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111 California, black pit is occasionally troublesome on lemon fruits in moist 
localities, after heavy winter winds with rain, but outbreaks have not usuaDy 
been severe enough to call for control measures in the orchard. Windbreaks or 
other means of preventing injury to the fruit in winter would largely control 
it. Fruits badlj’- affected may also open the way to other kinds of decay and 
should, of course, be discarded. Small spots, however, that are dry, hard, and 
firm may not necessarily be subject to other decays so long as the fruit is 
dry. A severe form of the trouble was described bj* Smith and Klotz (1945) 
andKlotz (1946a). 


BACTERIAL SPOT OP SOUTH AFRICA 


In South Africa, dark spots on fruits and lesions on stems occur which 
closely resemble black pit and bla.st in California, but they are caused by a 
different bacterium, Bacillus citrimaetdans Doidge. This organism has also 
been reported in ltal 5 * by Sereni. The spots as described by Doidge are either 
leathery in texture or quite hard. As in black pit, an injury is usually seen 
at the center of the spot. The spots varj* in color from light or dark brown to 
blackish brown. 

AXTHRACNOSE SPOTS 


Anthracnose is a term used to describe lesions in citrus that are produced 
by fungi siieh as Glocosporium limettieolum Claus., G. foliicolum Nish., and 
Colletoirichum gloeosporioides Penz.; several different forms of spots, decay, 
or markings have been thus designated (see p. 540). On young lime fruits, 
G. limettieolum produces severe effects resulting in pitting, distortion, or 
scab. G. foliicolum produces an Anthracnose spot on tangerines and Satsuma 
oranges in Japan. On other varieties of fruits, usually in their matcu’e stage, 
certain strains of G. gloeosporioides produce surface stains, dry, hard spots, 
and soft rotting. 

Anthracnose of lime fruits. — This form of Anthracnose, produced by G. 
limettieolum, occurs mostly in moist tropical countries, as in southern Florida 
and parts of the West Indies. The same fungus attacks leaves, twigs, and 
blossoms (see fig. 184, p. 541) . 

On young, rapidly growing fruits the effect varies from shallow spots to 
deep, depressed cankers. The flower buds, when attacked, turn brown and fall 
off before opening. The corky, scablike effects should not be confused with scab. 
Control of Anthracnose on limes may be effected only by protecting the new 
growdh and developing fruit by the use of bordeaux mixture or lime sulphur. 
Complete control, as pointed out by Fulton (1925), lies in the direction of 
substituting types of limes which are immune. 

Anthracnose of Satsuma oranges. — In Japan an anthracnose caused by 
Gloeosparium foliicolum has at various times affected Satsuma oranges. A 
small, brown spot occure which s'preads quickly, the center becoming light 
graj-ish and the advancing edges dark brown or black. The spots vary in size 
from one-twelfth inch to two inches in diameter. For conditions in Japan, Lee 
( 19235 ) suggests pruning out the affected twigs w-hich are sources of infection, 
and spraying Avith preA'entiA'e fungicides. 
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Anthracnosfi of oranges, grapefruit, and lemons. — Besides the forms of 
Anthracnose already mentioned, there occur in the rind of oranges, grape- 
fruit, and lemons, certain dry, hard spots with which the fungus, GoUetotrU 
chum gloeosporioides Peuz. is associated. (See “Anthracnose Eot,” p. 514.) 
In Florida and California these are often known also as “withertip” spots. 
They are frequently so similar to spots caused by Alternaria, and even to 
spots produced by other agencies, that it is difficult to distinguish one from 
another. Sometimes both fungi occur in the same spots. 

The spots usually develop slowly on mature fruits into hard, depressed, 
brown patches, usually affecting only the i-ind but occasionally extending into 
the membranes beneath. On very ripe fruit theymay at times develop into the 
Anthracnose rot described on page 514. The brown or dark brown spots may 
be regular or irregular in outline and very small to very large in size. They 
usually start from slight injuries of some kind to the skin of the fruit. An 
effect oji the sui'f ace of the rind is known as tear stain. 

Only general suggestions can be made for the prevention or control of 
Anthracnose spots, since they quite often follow unavoidable injury to the 
rind. Sanitary pruning out of dea^ branches, so far as this is economically 
feasible, will reduce the sources of infection. 

Means of pi-evention are indirect : employment of such cultural methods as 
will produce strong, vital fruits, and avoidance of extreme shocks or injuries 
to the fruit. Picking the fruit before it is overmature may also help to prevent 
the iniurv. 

•' ■' ALTEENABIA SPOT 

Some strains of Alternaria similar to Alternaria citri Ellis and Pierce may 
produce spots and pits as well as rot on mature fruit consequent to injuries. 
It may also produce a leaf spot (Ruehle and Kuntz, 1937) . The breaking down 
of the tissue is seldom deeper than the thickness of the peel. As the spots 
develop they change from light brown to dark brown to almost black. Some- 
times, in very mature fruit, the fungus may advance from these spots along 
the membranes of the pulp, finally reaching the center. The spots are not easily 
distinguished from Anthracnose spots, and frequently both Alternaria and 
Anthracnose fungi are present in the same .spot. 

CYTOSPOBINA SPOT 

A spot produced by Cytosporina citriperda Camp, occurs on mandarin or- 
anges in Italy, affecting the rind and the divisions beneath. The spot is at first 
slightly depressed, % to % inch in diameter, reddish brown, later turning 
black. As the spots develop, the rind and the walls of the pulp segments be- 
neath it are reduced to a black pulpy mass which extends into the fiesh of the 
fruit. 

OLEOCELLOSIS, OB BIND-OIL SPOT 

Oleoeellosis is caused by the action of oil liberated from oil glands of the 
rind. One type, called “green spot,” develops on green lemons in which oil is 
liberated by injury sustained at picking time. As the fruit colors in curing, the 
areas acted upon by the oil remain green while the rest of the surface colors. 
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On fruits already colored the liberated oil causes similar effects on the rind 
without the green color. In California, oleoeellosis is seen most often on lemons, 
but oranges picked too early, when immature or turgid after rains or cold 
weather, may also be severely affected. The action of the liberated oil causes a 
slight sinking of tissue between the oil glands in the rind, leaving them stand- 
ing out prominently (fig. 174, top). The action of the oil is rapid; as little as 
0.01 cubic centimeter of lemon oil acting for 1 second is sufficient to produce 
an effect. Oleoeellosis may also follow leaf-hopper injury, as has been ob- 
served especially by citrus growers in Tulare County, California. 

Prevention of oleoeellosis consists in avoiding the conditions .which con- 
tribute to the escape of oil from glands: (1) Avoid picking fruit when it is 
wet with rain or dew. (2) Avoid rough handling that would liberate oil, espe- 
cially when fruit is turgid in cool weather early in the season. (3) Avoid 
emptying turgid fruit too soon after picking into the hot water of the washing 
tank (oranges should be held 1 to 3 days, and lemons 3 to 7 days, depending 
on degree of turgidity after picldng, before they are subjected to washing solu- 
tions at 115° to 120° F.). (4) In areas where leaf hoppers are active, spray 
navel trees about October 15 and Valencias the first week in November with 
whitewash, 25 pounds of lime to 100 gallons of water. If preventive measures 
for Septoria spot are also desired, add 2 pounds of copper sulfate and 5 pounds 
of zinc sulfate to 100 gallons of the whitewash. 

WATEB SPOT 

Water spot is a nonparasitic breakdown of the rind of citrus fruits, the most 
important factor in its origin being the imbibition of external water by the 
white portion (albedo). After fruit-rotting organisms enter and cause break- 
domi, it is called water rot. It is most troublesome on navel oranges that mature 
in the rainy season. Eastern Los Angeles County and southwestern San Ber- 
nardino County, in southern California, are the localities where the navel 
crop is most severely affected — ^losses of 50 to 60 per cent for some orchards. 

The spot first appears as an elevated blisterlike area on the rind surface. 
In the blister, minute cracks form Avhieh rupture the cuticle and several layers 
of underlying cells, providing ready entrances for more water and extension 
of the affected areas. The spongelike capillarj’^ structure of the rind and the 
water-attracting propei-ties of its cells are important in the development of 
the malady. The internal liberation of the toxic rind oil and decay bj’^ blue and 
green molds are important secondary factors. 

The spots first appear in three places : in and around fresh wounds, in the 
area surrounding the navel, and in the collar portion around the button. Old 
calloused wounds, of whatever origin, have no effect on the inception of the 
disease. Mineral-oil sprays, by softening and increasing the permeability of 
the fruit, increase the incidence and severity of water spot. For details of 
water spot and water rot see Woglum et al. (1927-1932) , Fawcett, Klotz, and 
Haas (1933), Bbeling and Klotz (1936), Ebeling, Klotz, and Parker (1938), 
Klotz and Basinger (1938(7, 1938b), Turrell and Klotz (1940), Klotz (1938, 
1939), and Klotz and TurreU (1939). 
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Control . — Early picking of the crop, -where feasible, to avoid overmaturity ; 
employment of orchard heating, -windbreaks, and careful orchard practices 
to avoid fruit injurj'j control of orange worms;- use of cyanide fumigation, 
or, if practicable, use of only low dosages of mineral-oil sprays with toxicants 
for insect control, are important in decreasing loss from water spot. 

BLACK SPOT 

Black spot caused by the fungus Pltoma citricarpa McAlp. has been known 
for a long time in Australia and has also been found in China and Formosa, 
and recently in South Africa. It is not known in tfie Western HemLsphere. 
The disease has been observed mostly on fmits of sweet orange and mandarin 
orange, but sometimes on lemons. 

Small reddish brown spots appear on the surface of the fruit, later turning 
darker and sometimes becoming black. They -vary in size from 1 to 10 milli- 
meters in diameter. As the spots mature, a reddish brown raised margin forms 
and the light tan or brown centers sometimes become depressed. The spot may 
extend into the tissue of the rind from 1 to 2 millimeters. 

In New South Wales it is recommended to spray with bordeaux mixture 
(8-5-100 with one-half of one per cent oil) (1) just as the petals begin to fall, 
(2) six to eight weeks later, and (3) six to eight weeks after the second 

spraying. CITEUS-OANKBE, OB CANCEOSIS A 

Canker produced by the bacterium Phytomonas citri Haase is not known at 
present in either California or Florida. A few infected trees may still be found 
in isolated areas in Louisiana and Mississippi, but these are rapidly being 
eliminated. The eradication of canker in Florida and South Africa after it had 
become well established, and in spite of great difficulties, is perhaps one of 
the most remarkable of all achievements in plant-disease control. Eradication 
was accomplished by spraying the trees and surrounding soil surfaces with 
kerosene and burning. To prevent spread of the malady from grove to grove, 
workmen’s clothing and tools were disinfected with corrosive sublimate after 
each contact with canker. 

Canker occurs in many Oriental countries, including India, Thailand 
(Siam), Indo-China, Java, China, Japan, and the PliQippiues. A false canker, 
or cancrosis B, occurs in Argentina and Paraguay (see below, p. 529). The 
susceptibility of varieties and species to true canker, cancrosis A, appears, 
from higher to lower, to be about as follows : grapefruit, trifoliate orange, 
limes, sweet oranges, lemons, and Satsuma oranges; tangerines and citrons, 
although slightly susceptible, are not appreciably damaged. 

Canker lesions on fniit consist at first of spongy erviptions of tissue in the 
rind, usually showing a glazed, oily-appearing margin and lacking the yellow 
halo seen on affected leaves (fig. 180, top). They often show on fruit a crater- 
like appearance. On leaves, the lesions are small, spongy eruptions, at first 
white, later becoming tan in color. A margin appears which becomes watery, 
glazed, greasy, and yellowish brown or green in color. Beyond this is a halo 
of yellow shading off into the norinal green (fig. 180, bottom) . 
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Fig. 180. Citrus canker or eancrosis A, caused bv Fhytom<mas citri on grapefruit. 
Photograph from specimens collected and preserved in Florida before eradication of 
canker. 
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In commercially important citrus-prodncing countries where canker is not 
known, strict quarantines to prevent its introduction are usually now in force. 
In citrus countries where canker is already established, resistant species and 
varieties may be grown. 

A measure partly effective in preventing canker on susceptible varieties is 
spraying, during the first three months after the fruit is formed, Avith bor- 
deaux mixture containing an excess of lime. 

GANCEOSIS B, OR FALSE CANKER 

This disease was first known on lime leaves from Paraguay, sent by G. L. 
Fawcett in 1932 (G. L. Fawcett, 1933). The disease was later found also in 
Argentina and called eanerosis B by FaAveett and Bitaneourt (1940o). It has 
not been found elsewhere. The lesions (fig. 181 ) have a superficial resemblance 
to the true citrus canker, eanerosis A, but the host range of the disease is dif- 
ferent. Canerosis B was not found on grapefruit or SAveet orange, the varieties 
badly attacked by the canerosis A of the Orient. Canerosis B in Argentina 
and Paraguay was found, on both leaves and fruit, only on sour orange, lime, 
citron, and lemon. It appeared to be most common on a lime similar to the 
West Indian lime. Bacteria were isolated from these cankers, but further 
study is needed to determine their pathogenicity and the relationship to can- 
crosis A. 

On a lime similar to West Indian lime at Corrientes the lesions were promi- 
ent on leaves, stems, and fruit. On leaves the lesions appeared first as a halo 
surrounding the base of a yellowish projection and showing on both sides of 
the leaf ; later they were broken and spongj’-, some of them crater-like and dark 
broAvn. Older lesions were darker, with moi’e cracks. 

CITBXJS SCAB 

Scab on citrus occurs in three forms: (1) sour orange scab, caused by 
A^fsmoe/awcefW Bitaneourt and Jenkins; (2) Tryon’sscab (Australian citrus 
scab), caused by Sphaceloma fawceiti var. scabiosa Jenkins; and (3) sweet 
orange fruit scab, caused by Blsinoe australis Bitaneourt and Jenkins. (See 
Fawcett, 1936, for citations.) 

^our orange scab, or verrucosis. — The sour orange scab, first reported 
in Florida in 1886, has become prevalent in many damp regions, but has 
never spread into certain dryer climates as I’epresented in California and 
Palestine, nor into the Mediterranean region. In South American countries 
it entered after the sweet orange fruit scab. Scab is found on leaves and 
tAvigs (fig. 182, A and B) as Avell as on the fruit (fig. 182, C). On fruits the 
lesions appear either as eorlsy projections with distinct distortion of the fruit, 
such as are frequently seen on lemons, sour oranges, and Satsumas, or as 
slightlj’- raised scabs Avithout much final distortion, as in certain varieties of 
grapefruit. On young grapefruit, lesions may be greenish to pale yellowish. 
On sour orange fruits they may be pinkish buff ; on Satsumas, various shades 
of red. The surface of large lesions may become broken into small fine scabs 
which may sometimes resemble scurf resulting from other causes. Lesions are 
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first seen as minute dots, which become raised protuberances, more conspicuous 
as the fruit enlarges, and some may result in abnormal outgrowths on the 
apices of which the scabby tissue appears. On leaves the sour orange scab is 
manifested by circular to irregular wartlike projections. Leaves of susceptible 



Fig. 181. raise canker or ekncrosis B on lemon from Argentina. 
(Photograph courtesy of Dr. A. E. .Jenkins.) 


varieties become distorted and stunted. The spots frequently become depressed 
on one side and raised on the other. Large, irregular, corky scabs may also 
form. Young lesions are often salmon buff or flesh ocher. Central areas are 
drab or dark olive gray. Old lesions on grapefruit leaves are often pinkish or 
rose-colored, presenting a smooth, scarred appearance, and as the leaves 
harden the lesions become rough, corky, and wartlike, changing to a tan color. 
On twigs of the most susceptible varieties, small, slightly raised warts of the 
same general appearance as that on leaves are formed. 
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This scab has been reported on at least twenty-eight varieties and hybrids 
of citrus. The susceptibility and resistance among the important commereial 
varieties and species are as follows: sour orange, common sour lemon, and 
tangelo are severely attacked; King, Satsuma, tangerine, grapefruit, trifoliate, 
sweet lemon, and Rangpur lime are moderately attacked ; oval kumquat, Per- 
rine lemoji, Tahiti lime, and Cuban shaddock (Cuban lemon) are rarely 
attacked; citron, Mexican lime, sweet orange (usually), Royal and Triumph 
grapefruit, Cleopatra mandarin, and round and Meiwa kumquat are appar- 
ently immune. 

Try on’s scab {Australian citrus scab). — This scab occurs in Australia and 
New Zealand. It was reported by Tryon as “yellow rough scab” as early as 
1876. He referred the causal agent to Bamularia sp., and McAlpine later 
named it Bamularia scabiosa. On hoth fruit and leaves this scab is similar in 
general appearance to the preceding type, but appears to differ principally 
in showing a more crater-like or cupped appearance of the scabs, espeeiallj’’ 
of leaves. 

Sweet orange fruit scab. — This scab, the perfect stage of which was found 
to be Elsinoe australis by Bitaneourt and Jenkins (1937), especially infects 
sweet orange varieties. It has been found in Brazil, Argentina, Paraguay, and 
Uruguay, and the earliest record is that of a specimen collected in 1882. That 
it is different from sour orange scab wms first definitely reported in 1931 by 
G. L. Fawcett, although he had seen it on sweet oranges as early as 1915. 
The sweet orange is the most important variety attacked, but it has been 
found on many other species and varieties : tangerines, Satsumas, mandarins, 
sweet and sour limes, Nagami kumquats, one grapefruit variety, pointed-leaf 
papeda, and some varieties of tangelos (Fawcett and Bitaneourt, 1940a). 

The sweet orange fruit scab rarely attacks any part except the fruit; as 
described by Bitaneourt (1934, 1935), the fruit has irregular or round coi’ky 
excrescences, yellow or a clear chamois color, usually 1 to 3 millimeters in 
diameter, but frequently confluent and covering a large part of the fruit 
(fig. 182, D). The lesions are, as a rule, more rounded, less spongy, and more 
compact, and on tangerines more flattened and less wrinkled than those of 
sour orange scab. Only a few leaves have been found affected. 

Scab control. — The methods of control of the three types of scab are nearly 
the same. It has been best worked out for sour orange scab in Florida as 
f ollows. 

Prevention when the disease is likely to be severe consists in (1) spraying 
with bordcaux-oil emulsion (6-6-100 plus 1 per cent of heavj'- oil) just before 
growth starts in the spring, and (2) spraying a second time when at least 
two-thirds of the blossoms have fallen. This second spraying will also serve 
to conti'ol early melanose. When scab is not likely to be severe and melanose 
is not a factor, lime-sulfur solution, 3 to 4 gallons per 100 gallons of water 
before the growth starts and 2% gallons per 100 for use later, is recommended. 
Sour oi’auge or Roxigh lemon trees or sprouts of such varieties affected by soxir 
orange scab in close proximity to gi'apefruit or other susceptible trees should 
be removed. Nursery stock is protected from scab by frequent spraying with 
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bordeaux mixture and in some climates by growing the trees in the shade 
(Ruehle and Thompson, 1939). 

The reference above to sour orange and Rough lemon sprouts woidd not 
necessarily apply to sweet orange fruit scab, since it is rarely found on 
leaves. It is suggested for sweet orange fruit scab in Brazil to spray with 
bordeaux when fruit is very small, 15 to 30 days after petals fall. In places, 
where this scab is severe the treatment may be repeated twice at intervals 
of one month. 

MELANOSE 


Melanose is caused by the same fungus, Diaporthe citri (Faw.) Wolf, that 
induces a stem-end rot of citrus fruits and generally appears in shell-bark 
lesions on lemon trees. It is an important disease in Florida and in certain 
countries having abundant summer rainfall, but is of minor importance in 
California or in countries having dry summers. Most commercial varieties of 
citrus are susceptible, but the disease is most noticeable on grapefruit because 
of the smoothness of the skin. 

Melanose occurs on fruit, leaves, and small twigs. The markings of melanose 
consist of small, raised, superficial areas, dots, or pustules, made up of gum- 
filled cells (fig. 183, A, D, and G), often arranged in lines, curves, rings, and 
irregular-shaped spots. Around the margins and across the surface, lines of 
breakage give an appearance in miniature of dry, caked mud (fig. 183, B). 
Continuous crusts may form from areas crowded together. Lesions have a 
waxlike appearance which is amber brown to dai'k brown to nearly black. To 
the touch they suggest coarse sandpaper and are thus distinguishable from 
the smoother rlist-mite markings. The pustules often form a tear-streak 
pattern (fig. 183, A), brought about by dew or raindrops, the spores flowing 
down over the surface. 

Preventive measures recommended as a result of experiments in Florida 
consist in spraying fruit and leaves very thoroughly with bordeaux-oil emul- 
sion (3-4-100 or greater strength plus 1 per cent heavj’’ oil) in April soon after 
the fruit is set (about 10 to 20 days after the blossoms drop). Pinning out 
deadwood and twigs harboring the fungus is beneficial, but is not as a rule 
commercially economical alone (Ruehle and Kuntz, 1940). 


SEPTOBIA SPOTS 

Several types of spotting produced by species of Septoria fungi have been 
reported on the fruit and leaves of citrus in various countries. On mandarin 
oranges in North Africa, black spots 0.4 of an inch or more in diameter occur, 
which are attributed to Septoria sp. On lemons in Italy, S. citri Pass, causes 
spots that range from mere buff-brown specks to sunken, hard, dry, dark 
brown to black areas covering a third of the fruit surface. The Septoria fungi 
have also been found on citrus in France, Spain, Portugal, Cyprus, Algeria, 
South Australia, Victoria, New South Wales, India, South Africa, Brazil, 
Colombia, Dutch Guiana, and Argentina. In California the fruits of grape- 
fruit, Valencia orange, and lemons grown in the inland citrus areas are com- 
monly affected with Septoria citri Pass.; the spotting is less important in 
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coastal groves. Uutil 1938 the trouble was considered a minor one, but it has 
since become increasingly troublesome, particularly on grapefruit in Tulare 
County (IQotz, 19466). 

The spots consist usually of small depressions or pits 1 to 2 millimeters in 
diameter and extending not deeper than the oil glands. The bottom of the pit 
is usually light tan or buff, with a narrow greenish margin which becomes 
reddish brown as the fruit matures and colors. Some spots, dark brown in 
color, may attain a diameter of 4 to 10 millimeters, and may extend into the 
albedo of the rind. Black pj'^cnidia (spore fruits occurring in certain fungi) 
may develop in these spots. Another form of Septoria spotting is a tear 
staining not unlike Anthraenose tear staining, but somewhat coarser in ap- 
pearance. Frequently, both fungi can be isolated from all types of the spotting. 

Control consists in a thorough application of bordeaux mixture or zinc- 
copper-lime just before the winter rains begin (Fawcett and Klotz, 1940). In 
groves that are not fumigated a bordeaux mixture made with 3 pounds of 
copper sulfate (CuSO^-blljO) and 3 pounds of hydrated lime per 100 gallons 
(or the commercial equivalent) is used. On trees to be fumigated a more dilute 
bordeaux is used : 1 pound each of copper sulfate and hydrated lime per 100 
gallons; or a zine-copper-lime spray: 5 pounds zinc sulfate (ZnSOi-THjO), 
1 pound of copper sulfate, and 4 pounds of hydrated lime per 100 gallons. Use 
of the dilute sprays is necessai-y because copper makes the tree more suscep- 
tible to fumigation injury. The addition of zinc and copper to whitewash 
containing 25 to 33 pounds of hydrated lime per 100 gallons has also been 
found effective in checking germination of the Septoria spores. Many of the 
old standard and the new fungicides have, in laboratory tests, been found 
capable of preventing germination of spores of Septoria. Preliminary field 
experiments in Tulare County indicate that sprays of 5 pounds of zinc sulfate, 
1 pound of copper sulfate, and 4 pounds of hydrated lime; lYz pounds of 
disodium ethylene bis-dithiocarbamate plus 1 pound of zinq sulfate and % 
pound of hydrated lime ; 2 pounds of zinc dimethyl dithiocarbamate ; 1 pound 
of cuprous oxide; and 1 pound basic copper sulfate, 1 pound zinc sulfate, 
30 pounds of hj^drated lime — all amounts being for 100 gallons of spray — 
may give satisfactory protection to grapefruit (Klotz and Zentmj'er, unpub- 
lished ; Klotz, 19456, 19466 ; Klotz and Parker, 1945 ) . 

EXANTHEMA 

Exanthema, often known in Florida as dieback, is now known to result 
from copper deficiency. Usual symptoms are: (1) gum pockets at or near 
the leaf nodes in succulent branches; (2) excrescences of gummous tissue 
forced through longitudinal or rounded breaks in the bark ; (3 ) stained termi- 
nal twigs, the stains being caused by infiltration of a gumlike substance into 
cells near the surface ; (4) brownish, glossy, gum-soaked areas on fruit, often 
accompanied by splitting of fruit; (5) gum in angles of segments surrounding 
the seeds. Occasional symptoms are : (1 ) a deep green tone in the color of the 
foliage, preceding an outbreak; (2) abnormally thick or coarse, elongated 
leaves ; (3) S-shaped branches ; (4) rosette or staghorn growth. It is remedied 
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by spraying with boi’deaits mixture, preferably just prior to or during the 
flush of groAvth in which exanthema may be expected; also, less quickly or 
efficiently, by spreading copper sulfate on the soil, 1 to 4 pounds per tree. (See 
Vol. I, chap, vii, and “Copper,” chap, vii, p. 360, above.) 

s:moky blotch .ocd fltspeck Frxers 

Smoky blotch, previously called sooty blotch,^ which occurs in Florida, 
Southern Ehodesia, South Africa, and South America, appears as smoky or 
sooty areas caused by a branching network of dark hyphae on the surface of 
the rind. In Brazil, smoky blotch is caused by Stemiopeltis citri Bitaneourt, 
Sirothyrium citri Bitaneourt being the imperfect form. In Southern Ehode- 
sia, Bates has found this fungus in company with an unidentified one, 

Flyspeck fungus has commonly been attributed to the same fungus as on 
apple, Leptothyrium pomi, but Bates“ finds three main types on citrus in 
Southern Rhodesia, one belonging to Microthyriaeeae, one to ilieropeltaceae, 
and the third not classified, probably none of which is produced by the apple 
fungus. The flyspecks occur as black specks made up of a pad of fungus hyphae 
on the .surface. 

Smoky blotch on picked fruits may be bleached by dipping them for 30 to 45 
seconds in a sohition composed of 4 ounces of bleaching powder (chloride of 
lime) and 3 ounces of sodium bicarbonate per gallon of water. If decay is 
troublesome, chloride of lime and boric acid may he substituted (Bates, 1939) . 

MlSCELL.iXEOrS SPOTS AKD MABKIXGS 0?f PBUIT 

The miscellaneous spots and markings on fruit named below will not be 
described here; descriptions will be found in Citrus diseases and Their Con- 
trol (Fawcett, 1936) at the pages indicated; Exobasidium disease, page 557; 
wind injury, 340, 558; fumigation injury, 562 (see also Klotz and Lindgren, 
1.944); spray injury, 565; splitting. 566; creasing and puffing, 570; slug 
injurj', 575; speckling, 575; chemical burning, 576 ; heat injury, 576; Trieo- 
septoria .spots, 576; thrips injury, rnsseting, silvering, and buckskin, 572; 
and frost injury, 474 to 479. 

DISEASES OF TWIGS, LEAVES, AND BRANCHES 

The diseases of twigs, leaves, and branches, considered in relation to their 
effects and the nature of the lesions, may be arranged iu four classes : 

1. The eruptive dLsease.s, in which the tissue is raised, forming scabs or 
pnstule.s usually composed of the modification of the host tissues, as in canker, 
scab, meianose, leprosis, etc. 

' Bates vnites: “In riew of the confusion that has existed in the past in regard to the 
application of the term ‘sooty blotch’ to both poniaceous and citrns fruits blemishes, and 
with the further consideration that different fnngi arc responsible for these blemishes, I have 
.snggcsted that the name smoky blotch be adopted for the citrus blemish.’’ In Australia the 
term smoky blotch is already applied to such blemishes on citrus fruits. He adds that 
Stemiopeitis ciiri (and its imperfect form. Siroihynum cHri) has been found on citrus in 
Sontherii Rhodesia, but that most of the smoky blotch there appears to be caused by an un- 
identified fungus. (Letter from C. R. Bates to H. S. Fawcett, J.unuary 29, 1942.) 

® As cited in the preceding footnote. 
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2. Superficial growths or effects, not composed of the host tissues, such as 
sooty mold, lichens, and powdery mildew. 

3. Necrotic diseases in which there are dead spots of limited extent with 
sinking and collapse of tissue or extensive death of parts as leaf spots and 
twig blights. 

4. Diseases showing extensive changes in form or color or general effects. 

Eruptive and Pustuuab Diseases 

Citrus canker, false canker, scab, melanose, and exanthema, five eruptive 
di.seases which belong under this heading, have already been described. (See 
pp. 527, 529, 533, and 535.) 


GREASY SPOT 

Greasy spot, also known as black melanose, is found especially on grape- 
fruit leaves in southern Florida and Cuba. In the Philippines and in Japan 
it is reported as common on the calamondin orange. 

The spot is usually on the under side of the leaf, not much affecting the 
chlorophyll, but appearing as a dark, slightly raised spot suggestive of a mass 
of dark grease under a semitransparent epidermis. 

This type of spot is considered by Bitaneourt in Brazil to be due to the 
effects of rust mite. Although tins appears to be the cause of much of what 
has been known as greasy spot, similar effects occur in California in areas 
from which the rust mite is absent. 

GtTM SPOTS 

Small raised pustules, brown or dark brown in color, are very common on 
leaves. Some are about the size of melanose; some may resemble canker; and 
other lesions and the spots are at times mistaken for infectious disease. They 
are usually hard and smooth on the surface and often consist of a small area 
of surface cells impregnated by a hard gmnlike material that might be pro- 
duced by slight frost followed by bright sunshine, slight sunburn, fumigation, 
injuries from mites, and possibly by spray materials. 

SuPERFici.\L Coatings, Markings, or Pustules 
SOOTY MOLD 

On the surface of leaves and fniit there may occur a conspicuous black 
coating known as sooty mold. It is composed of a weft of microscopic fungus 
threads of several species of fungi, including Capnodium citri B. and Desm. 
It occurs wherever hoiieydew-secreting insects are found, such as white fly 
larvae in Florida and black scale, cottony cushion scale, and aphis in Cali- 
fornia. Although the sooty mold does not attack the tissue, it interferes with 
the normal function of the tree leaves, and is a sign of the presence of some 
insect pest. 

Since sooty mold occurs merely as a concomitant to the presence of some 
honeydew-seereting insect, the prevention and treatment consist not in fight- 
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ing the mold itself, hut in exclusion and control of the insects -which bring it 
about. Soon after the insects are eliminated the sooty mold disappears. 

POWDERY MILDEW 

Powdery mildew on leaves, produced by Oidium tingitaninum Carter is 
reported as common in Java, Ceylon, and India, on the leaves of various citrus 
species, and has been found occasionally on tangerines in California. 

It is easily identified by white patches which, more commonly than not, occur 
on the upper surface of the leaves. It does not spread in a perfectly circular 
manner, but radiates from a center of infection. The tissue between the fila- 
ments of fungus mycelium is at first a darker watery green than the normal 
color, and later loses the gi-een and becomes yeUow. The j’-oung leaves may 
shrivel, becoming dry and adhering to the twig. No experiments are recorded 
for control of mildew on citrus. Sulphur sprays or dusts may be -osed. 

PELT 

A soft, feltlibe, almost leathery covering completely surrounding the twigs, 
produced by the fungus Septobasidium pseudopedicellutum Burt, or by other 
species, is found in moist climates such as those of Florida, Cuba, Brazil, and 
Formosa. These fungi have been found associated with certain scale insects, 
the most common insect associate on citrus heingLepidosaphes beckii (Newm.) . 
Other species of Septobasidium associated -with citrus scale insects in North 
America are — besides S. pseudopediceUaium Burt, mentioned above — S. co- 
nidiophonm Couch, lepidosaphis Couch, S. pedicellatum (Berk, and Curt.) 
Pat., and sjiongium Berk, and Curt-. The surface of the coating produced 
by S. pseudopediceUaium is smooth and compact. Beneath, it is soft and 
spongy. The entire enveloping cylinder is made up of minute, closely woven, 
mycelial threads, none of which appear to penetrate the bark. A species of 
scale insect is found under the coating on the surface of the bark. The fungus 
probably gives protection to the insects, and they in turn make secretions 
favorable to the growth of the fungus. The only control usually necessary is 
to prune out the branches bearing the fungus. 

LICHEXS 

Lichens are frequently seen on t-wigs and branches of citrus, especially in 
moist situations. They are grayish green and paper-like and form small cir- 
cular to irregular-shaped spots. They are considered harmless so far as any 
dii'ect injury produced by their growth is concerned, since they obtain their 
own nutriment from the air or from fimetiouless tissue on the surface of the 
bark. The presence of lichens on the tree need not cause alarm. If the lichens 
increase because the tree lacks vigor, it is better to use means of bringing the 
tree to a vigorous growing condition than to incur the expense of ridding 
the tree of lichens. They may, however, become so abundant as to be trouble- 
some and harmful in an indirect way by shading the leaves or by harboring 
other organisms. If so, they may be killed by spraring with a weak bordeaux 
mixture or a strong lime-sulphur solution. 
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ALGA SPOT 

A spot produced by a partly parasitic alga, Cephaletiros mycoidea Karst., 
sometimes occurs on leaves and twigs in southern Florida, the West Indies, 
and elsewhere. 

The spots are slightly raised, and circular to irregular in outline. Their 
surface is covered with reddish brown, hairlike structures. When these are 
absent, the surfaces of older areas are greenish gray and velvety. The bark 
may be swollen, and the twigs enlarged at the affected parts, though only a 
few surface layers of cells are invaded. 

Since the alga appears to attack trees of low vitality most readily, an im- 
portant preventive measure should be to keep the trees in a vigorous growing 
condition. Spraying with either bordeaux mixture or commercial lime-sulphur 
appears to prevent effectively the formation of alga spots. 

BNTOMOGENOUS PUNGI 

Many fungi parasitic on citrus insects produce pustules or other forms of 
growth on leaves, twigs, and fruit, and may be mistaken for harmful organ- 
isms although they are often beneficial in helping to keep the insects in control. 
These are discussed in chapter xiii. 

Necrotic Diseases 

Necrotic diseases are those that result in the death of an appreciable amount 
of tissue, either in localized spots or thi-oughout entire parts. 

MAL SBCOO 

This highly destructive disease has been found in Turkey, Greece, Pales- 
tine, and Sicily. When first observed and studied in Sicily about 1922, it was 
confused with citrus blast, and later with Anthracnose, but the cause was 
discovered by Petri (1929) to be a wood-invading fungus, D enter ophoma 
tracheiphila Petri. It is now believed that before it occurred in Sicily it had 
long existed in Greece. In Sicily it firet appeared in the vicinity of Messina, 
whence in about ten years it spread slowly along the coast to orchards in the 
vicinity of Catania. Later it was discovered in Turkey, where in 1940 it was 
said to threaten Turkish lemon culture. In Turkey, as in Sicily, lemon, citron, 
and sour orange were found susceptible, and sweet orange and mandarin 
resistant, to the malady. 

The disease first manifests itself as a sudden wilting and drying of the leaves 
and twigs, often on one side or in one part of the tree. The leaves may remain 
attached to the twigs as they dry, or may be shed before the twigs die back. 
In severe attacks on the lemon, which is a highly susceptible variety, larger 
branches and finally the whole tree die back after a year or two without any 
visible lesions on the bark of the trunk. The sudden wilting of leaves and dying 
back of branches does not alone suffice to identify the disease, since damage 
from frost, chemical injury to the roots, root rots, and basal rots may show 
similar symptoms. Other accompanying effects should be looked for. The wood 
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of the green twigs and branches usually shows a pinkish or reddish discolora- 
tion on a slanting cut even before they have wilted or even before the bark 
has died. The fungus has also been found in the fibrovascular bundles of half- 
grown green fmits and in green leaves. 

The disease ai first gives the impression that the branches may have been 
infected bj' an organism that has traveled back from the tips of the branches, 
and this appears not infrequently to be what actnaily oceurs. Petri has shown 
that, in young plants, infection may be induced through leaves and twigs, 
and that the fungus thus extends downward in the plant. In Turkej^ it is con- 
sidered by Gassner (1940) thattheprimary infection arises mainly from frost 
injurj' to the tips of the shoots. External factors that are thought to intensify 
the malady are the nse of nitrogen fertilizers, “Verdelle” practice, and exces- 
sive fruiting. 

The most severe and rapidlj’’ developing attacks on older trees, however, 
pi'obably start from infections farther down on the roots or the lower 
part of the tniuk. By careful dissection and examination of large roots and 
trunks of lemon trees in orchards first showing ma! secco, Savastano and F aw- 
eett (Fawcett, 1936) were able to Trace, by means of a slight discoloration, a 
path of infection in the wood up from a root through part of the trunk to 
certain branches and twigs that showed the first ^j mptoms. That such a method 
of development is quite possible was also shown by inocTilation experiments 
bj" the same investigators. Present knowledge offers no satisfactorj* means of 
eontroUing the disease once a tree has become affected. 

The apparent resistance of sweet orange and mandarin would suggest re- 
planting with these varieties where trees on sour orange stock have been 
killed by mal seeoo. A lemon variety known as Interdouato also manifests 
resistance to mal seoco. If lemons are replanted, trees budded on mandarin 
or sweet orange root.stoek should be used ; tliese would at least have some 
resistance to the root infection which probably produces the most rapid 
and severe form of the disease (Fawcett, 1936: Gassner, 1940). Where sour 
is used, a “sandwich’’ of .sweet or mandarin orange has also been suggested. 

AXTHKACNOSE (EN'CLTODfG WITHKKTIP A^^> BLOSSOM BLIGHT) 

AnthramuBe is a term used to designate effects pTOcluced on citrus by fungi 
such a.s Gloeosporium Umeiiicohim, G. foliicolum, and CaUetotrichuin gloeo- 
sporioides. (For effects of these tungi on the fruit see pp. 514 and 524.) 

Antkracnose on limes . — This disease, G/ocos/joriwm Uniefiicolum, causes 
serious damage to limes in southern Florida. Cuba, and the West Indies. The 
dying hack and withering of the young trees has suggested the term “wither- 
tip,” and the frequent blighting of buds and flowers, “blossom blight.” 

Toimg, rapidly grooving twigs aie attacked. The twigs wither, and shrivel 
one to several inches at the tips (fig. 184) . Frequently the live parts fall away, 
with formation of gum at the wound. Young leaves may die, or, at least, dead 
areas may form on the margins of the tips. The petals of unopened buds turn 
brown and the buds fall off without opening. Control of this disease has already 
been mentioned on page 525. 
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Fig. 184. Antliracnoao of lime fausL-d l)y GUMosporium Umelticohim. 

(After Clausen, 1912.) 

Anthracnose of Satsiimas . — This disease, caused by Gloeosporiuni foliico- 
lum, is not definitely known outside of Japan. Brown spots occur on the young, 
actively growing trees during May and June. Fallen leaves may show watery, 
cloudy spots, on which bright-red pastules of the fungus appear. 
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Antkracnose of orange, lemon, grapefruit, etc. — The form of anthraenose 
produced by certain strains of Collet otrichum gloeosporioides is widely dis- 
tributed in citrus-growing countries. In many respects the fungus associated 
with it resembles closely the lime anthraenose. There seem to be forms or 
strains of this fungus, some of which are parasitic and others saprophytic. 
Forms of this fungus are almost universally present on dead twigs or dead 
tissue of citrus in Florida and certain localities in California. In general it 
attacks only the twigs or leaA’es that have previously been weakened by un- 
favorable sod, climatic, or nutritional conditions. Since other fungi, such as 
Diplodia natalensis, are often associated with it, certain of its effects are 
probably produced by a combination of «everal fungi acting together. 

On leaves that are nearly or quite mature, spots occur which at first are 
light green and later turn brown. In moist weather, dark-colored pustules 
may show pink spore masses over the surface of the spots. The spots are at 
the margins or tips of the leaves or, rarely, near the midribs. On branches of 
varieties other than limes, anthraenose is characterized by the dying back of 
mature twigs. The dying back is usually slow, but occasionally the leaves 
wither and dry up suddenly. It is not safe to conclude from the mere presence 
of Colletotrichum fiingns that it is primarily the producer of a given effect. 
Usually the fungus is unable, apparently, to attack uninjured parts, but enters 
as a secondary invader after the organ has been injured or killed by some 
other agency. 

Since anthraenose of this type depends so much, for its effective develop- 
ment, on lowered vitality of tree tissues, it is of the first importance to keep 
up the health and vitality of the trees by applying such fertilization and 
orchard practices as will keep the trees resistant even when the fungus is 
present. If the ti'ees show serious sjTnptoms of anthraenose in the twigs, prun- 
ing may be necessary to bring them back to health. 

MESOPHTLL COLLAPSE 

Leaves of sweet orange in the coastal regions of North and South America 
frequently show one or more dead areas of various sizes throughout the blade. 
The surface of a spot on the lower side of the leaf is depressed, leaving veins 
and veinlets standing out prominently and decreasing the thickness and 
volume of the affected region (fig. 185). Internally, the cells in the tissues of 
the spots are dead or dying, some dry out and collapse, others become en- 
larged. The palisade and epidermal tissues are unaffected in the early stages 
of the malady, but eventually die and dry following the collapse, death, and 
drying of the spongy mesophyll below. Fruiting bodies (aeervuli) of the Col- 
letotrichum fungus are commonly present on the surface of the spots, but 
have no apparent part in originating the attack. 

The cause of mesophyll collapse (Turrell, Sokoloff, and Klotz, 1943) is as 
yet unexplained. It has been attributed to red mite injury, water deficiency, 
and excessive transpiration, but is probably due to physiological or niitri- 
tional unbalance. Chemical examination reveals that the ratio of potassium 
and sodium to calcium is much higher in collapsed than in normal tissue, both 
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Fig. 185. Mesophyll collapse. 

in the aqueous and in the solid phases of the leaf (Sokoloff, Klotz, and Turrell, 
1943) . This suggests a relationship of cation-pectate complexes to capacity for 
water retention. Although potassium and sodium pectates have a greater ca- 
pacity for hydration, they hold water much less tenaciously than calcium 
pectate, a normal cell constituent. 
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ABEOLATE SPOT, OB MANCHA ABEOLADA 

This is a leaf spot of striking appearance found in Brazil, Venezuela, and 
Surinam (Dutch Guiana) . It is produced by a fungus now judged by Rogers 
(1943) and by Rogers and Jackson (1943) to be Pellicularia filamentosa 
(Pat.) Rogers, originally described by Stahel (1940) in Venezuela as Corti- 
cium areolatum^ Stahel. 

The areas are light-colored, with concentric partial rings or bands (fig. 
186). There often occur along the darker rings numerous fruiting structures 
of the common saprophytic fungus, Leptosphaeria hondari Jenkins and Bitan- 
court, which was at first mistakenly considered to be the causal organism by 
Bondar in 1929. Bondar (1929), however, .had mentioned a fungiis in asso- 
ciation with the spot, which he called Oidium citri Bondar. This was probably 
the true fungus. It was known in Brazil as mancha areolada. 

According to Stahel (1940), the sour orange used for stock suffers most; 
grapefruit, mandarin, and some kinds of oranges are also susceptible. The 
common sweet orange is fairly resistant, except when grown in heavy shade. 
In Surinam no spots have been seen on lemon, lime, and kumquat. Spots may 
be found on j^oung twigs, but have not been Iben on fruits. 

In Surinam, in nursei-ies, the disease was effectively suppressed by collect- 
ing and burning all spotted leaves. In both Surinam and Brazil a spray of 
bordeaux mixture is suggested as a control measure. 


COETICUM BLIGHT IN PANAMA 


On sour orange seedlings collected in Panama in May, 1937, a fungus later 
judged to be probably a variety of Corticum solani Prill, and Del.,’ was found 
producing a mildew-like growth on the leaves and causing dead spots. The 
spots did not show the concentric rings characteristic of the areolate spot. 
In examining the fungus, Stahel’ reports that the hyphae are similar to those 
on the areolate spot but that the side branches are strangely curled and not 
so heavily swollen as those of the South American fungus. Because of these 
differences and the striking difference in symptoms the present authors be- 
lieve it to be a fungus different from Pellicularia filamentosa but closely 
related to it. 

THBEAD BLIGHT 


This disease, attribiited by some investigators to Corticium koleroga ( Cooke) 
Hohn, and by others to C. stevensii Burt or to both species,’ occurs in tropical 
or semitropical countries and has been reported on citrus in Florida, the West 
Indies, and Argentina. C. koleroga attacks coffee in Puerto Rico, Jamaica, 
Trinidad, Surinam, Venezuela, and Colombia. The fungus forms its mycelium 

‘ This name had previously been used by Bresadola (1925) for a different fungus on Alnus. 

“Identified by Miss Wakefield, Kew Gardens, London; letter of April 4, 1939, to H. S. 
Fawcett. Bogers (1943) identified this fungus as the same species, Pellicularia filamentosa 
(Pat.), as that causing areolate spot. The spots, however, are very different in appearance 
from areolate spots. 

“ Letter from G. Stahel to H. S. Fawcett. 

* According to Bogers and J ackson ( 1943) both would b.e Pellicularia Tcoleroga Cooke. 
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Fig. 186. Areolate spot caused by Pellicularia filamentosa 
(Pat.) Bogers (Cortieium areolatum Stabel) from Suri- 
nam. (Photograph courtesy of G. Stahel.) 
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in slender strands wHeh are nearij- oniform in dianseter, wiutish at 6rst, 
finally beenming dark broisTS. The myeelaal threads extend along the branches, 
midrib, and Tcins of the leaves, branch ont bettteen the cells of the leaf paren- 
ehyma. and come to the snirfac-e on the upper side of the leaf, forming minute 
pustules tthk-t give a speckled appearance to the leaf. These separate spots 
then grotr together into a thin membrane of a smoke gray color coreiing the 
entire surface of the leaf. Death of the ttrigs and leaves results. 

^\n elective control of thread blight, reported by Xowell (1923), is to spray 
w-ltii bordeaux mixture prepared with an excess of lime. Spraying with Ihne- 
sulfur is reported as ineffective. 

ClXSrs BLAST 

Citrus blast, caused by a bacterial organism, Phytomonos syrinpae (Van 
Hail • Bergey, was Srst th<<nght to occur only in northern California, but has 
now been fou.nd in certain parts of AnstraJia. PaSestirie. Sicily, and South 
Africa. Black pit, which has already been described (p. 522;i. is produced by 
tlie same organism. The activity of citrns blast, under California conditions. 
usuaEy extends over not more than six to eight weeks in the moist winter and 
spring. Oraitges and grapefruit are probably more susceptible to attacks of 
the dlsea.se on leaves and twigs, and lemons to attacks on the fruit. (For a 
history of the investigation of citrtts blast and black pit see Fawcett, 19415.1 

Citnis blast nsuaJly starts in a break or a torn place on the wing of the 
petiole and extends rapidly in Ixtth directions at the base of the leaf blade 
and to the twig at the base of the petiole I'ng. 179, top, p. 523). The affected 
area on the twig, aromnl the base of the petiole, is at first brown to black; 
later it changes to reddish brown, forming definite scabs as the disease runs 
its course. Lesions on larger twigs may lie auburn or mahogany red. If the 
blast progresses rapidly, tlje leaves wither and die while still attached, bnt 
if its progress is slow an abscission layer is formed and the leaves are shed. 

Experiments have .shown that a large part of the effects of the disease may 
be prevented, under California conditions, by sprajing the trees thoroughly 
with bc-rdeaux, if this is done not later than she first of Xovember. Spraying 
iast before the usual outbreak of the disease, which occurs in December or 
-January, seems to be of linie value. Since the severe effects of the disease, 
however, usually come oidy on an average of once in three or four years, it 
has not been found profitable to .spray eveiy year. 

The s-riiggestions for treatment are to use methods of soil fertilization, irri- 
gatiom and culture that will insure a goc*d healthy growth of the leaves before 
the rainy season sets in. An untimely autumn growth which does not have 
time to harden before the ctjld winter is especially susceptible. Proteetion frctm 
winds is also advantageons. Xurseiv' trees may be protected by spraying with 
bordeaiix mixture 6-6-100. 

BACTEBIAL LEAF SPOT OF SOUS OBAXGE 

This leaf spot was first found in sour orange nursery trees in Uruguay in 
the vicinity of Salto in 1937 by Fawcett and Bitanconrt (1940c). Later it was 
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reported in Argentina. Its effect on some trees appeared to be injurious. The 
spots were usually in places where the leaf tissue was injured by scratch- 
ing. Along a small thorn scratch on the epidermis a series of spots occurs, each 
with its center on the line of injury. The spots are 0.5 millimeter to 6 milli- 
meters in diameter, more or less round, with definite, slightly wavy margins. 
They are raised somewhat at the periphery and depressed in the center. The 
smaller ones are waxy, and have an amber color ; the larger ones show con- 
centric regions as if they had enlarged in two or three stages. A chlorotic halo 
surrounds the spots. In transverse sections, Bitaneourt (Fawcett and Bitan- 
court, 1940c) found that the tissues in the spots are full of bacterial aggrega- 
tions which occupy the much enlarged intercellular space of the spongy 
parenchyma. 

The disease should not be confused with either eanerosis A or cancrosis B, 
both of which form corky eruptive lesions on leaves. 

PINK DISEASE 

Pink disease, produced by Corticium salmon icolor Berk, and Br ,, is a tropical 
disease not only on citrus but on many other plants such as rubber, cacao, 
coffee, and tea. Its first appearance on branches of citrus is usually a slight 
gumming. The bark seems dry and hard, adhering closely to the wood, and 
longitudinal cracks often appear at the same time as the gumming. The pus- 
tules, 1 millimeter or less in diameter, are dirty white to pinkish in color. The 
mycelium of the fungus grows over the surface of the branch, forming an 
orange-pinkish incrustation which, at fix'st .smooth and velvety, later becomes 
roughened and broken up into patches. As the disease advances, the bark 
may become a dry mass of shredded fibers running longitudinally with the 
branch. Stoppage of the -water conduction and waiting of the leaves and death 
of affected limbs are the final effects. If the trunk is girdled, death of the entire 
tree may result. 

Effective control, by pruning out affected limbs with proper disinfection 
and followed by spraying, has been obtained in experiments by Lee and Yates 
(1919). Either lime-sulphur or bordeaux oil emulsion sixray may be used. 

DIPLODIA TWIG BLIGHT 

Diplodia twig blight, caused by the fungus Diplodia natalensis Evans, 
occurs in various tropical and semitropical countries. The f\ingus also causes 
Diplodia rot (p. 515) and Diplodia gummosis (p. 557) , and may combine with 
Phomopsis in shell bark (p. 558). 

The dying of the twigs begins at the tips and extends for some distance, 
ending in a sharply defined line, whei’e more or le.ss gum is usually formed. 
Sometimes no limiting line develops until the entire twig or part of a branch 
or trunk is enveloped. On the bark are reddish browm dead areas and minute 
black pustules indicating that the Diplodia fungus is present. 

Since Diplodia twig blight often follows unfavorable conditions of tree 
health, the tissues being low in vitality, proper feidilization and care of the 
trees to keep them in vigorous condition is usually beneficial. In the West 
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Indies, planting' in closelj' sheltei'ed places to preserve moisture, an^ pro'vid- 
ing Tvindbreaks in all exposed locations, have been suggested as measures of 
prevention. 

SCLEBOTIXIA AXD BOTBYTIS TWIG BLIGHT 
(See also Cottonj- rot,p. 511, and Botrj-tis rot, p. 512) 

Both of the twig-blight fungi. Sclerotinia selerotiorum and Botrytis einerea, 
produce similar effects on t'wigs. They may start in the end of the twig or in 
the blossoms and spread back for short distances, or may start farther back 
on a twig or limb, girdle it, and cause the distal portions to wither and die 
suddenly. Both of them cause the bark to assume a shredded fibrous condition 
as it dies (fig. 176, B, right) . 

In Sclerotinia twig blight, black, flattened sclerotia sometimes develop in 
and under the bark on the twigs. The bark at first is soft, gum exudes, and the 
invaded bark dies and assumes a light buff color. The Botrj-tis twig blight is 
usually not so light in color as the other and rareh'. if ever, fonns black scle- 
rotia, but instead may show a gray, furry growth in moist weather, owing to 
the fruiting of the fungus. 

These blights, although conspicuous at times, are usually of minor impor- 
tance, and as soon as warm diy weather occurs their growth is entirely 
arrested. If they become serious, the diseased twigs may be cut out and de- 
stroyed to prevent their being a source of infection. 

FL’SAEirM TWIG DISEASE 
(Sec also irr root rot, p. 5*54) 

A wilting and dying back of twigs, freqiientl.v accompanied by exudation 
of gum, has been studied in Egypt and shown to be produced by the fmigus 
Fusarium solani (Hart.), which is found also in South Africa and Honduras. 

Leaves suddenly wilt and are shed, and small terminals wither and die back 
from the tips. At the base of the dead part, the bark splits, is slightly raised, 
and gum often oozes izi appreciable amounts. Gum may also form in scars left 
bj’ the fallen leaves. Sometimes the exudation of gum is absent. 

The control measures suggested are avoidance, as far as is possible, of in- 
juries to the twigs, avoidance of conditions that tend to weaken the tree, and 
cutting out the diseased twigs five to six inches below the infected part and 
disinfecting the cut ends, 

ASCOCHTT.A DISEASES 

Diseases caused by several species of Ascoehyta occur in New Zealand, Aus- 
tralia, Sicily, and Brazil. 

Bark hlotch . — This disease is caused b.v the fungus Ascoehyta coriicola 
McAlp. in Australia and New Zealand. On stems and branches, dark brown 
bark areas surrounded by raised margins occur. Gununing usually accompa- 
nies infection. In four to six months, grayish white patches appear in which 
are minute black bodies (ijyenidia) of the causal fungus. Treatment consists 
in removing the diseased tissue and disinfecting with acidulated mercuric 
chloride or bordeaux paste. 
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Other species of Ascoehyta also occur in Australia. A. cineria McAlp. 
produces ashy gray patches on twigs ; A. citricola, spots on twigs and leaves. 

Ascoehyta twig Might and leaf spot. — ^The fungus Ascoehyta citri Penz. 
produces blighting of twigs in Cyprus, spotting of leaves in Italy, and both 
blighting of twigs and spotting of leaves in Brazil. The spots on leaves are 
nearly circular, dark brown, and eventually become gi’ayish. Young as well 
as mature leaves are attacked, turn yellow, and drop. Young twigs are killed 
back. 

Ascoehyta hesperidearmn Penz. on leaves in Sicily and an unidentified spe- 
cies in wood rot in California (Fawcett, 1936) have been reported. 

BtID-SHOOT WILT 

Shoots from inserted buds frequently wilt, become limp, bend down, and 
finally die. In 1945 it occurred most commonly on Sampson tangelo rootstock. 
Ilalma (1941) records observing it in California in 1930.^ He noted that 85 
per cent of wilt studied during one season was on shoots less than 6 inches in 
length, and that none occurred on shoots exceeding 18 inches in length. There 
almost always developed a second shoot which did not wilt. Sudden rises in 
temperature and desiccating winds ivere observed to be important factors. 
Halma believes that incomplete union of inserted buds prevents enough water 
from entering when sudden hot dry periods occur. 

Abnormalities and General Effects 

Certain diseases occur in which thei’e are extensive changes in form of 
growth or in the color of the tissue, such as knots, galls, etc. Some of these are 
produced by fungi, others by malnutrition. The effects produced by injects 
are described in chapter xiv. (The effects produced by malnutrition such as 
chlorosis and mottle-leaf are discussed by Chapman and Kelley in Vol. I, 
chap, vii, and by Batchelor in chap, vii, above.) 

SPHAEROPSIS KNOT 

This woody enlargement is produced by the fungus Sphaeropsis tumefaciens 
Hedges. It has been reported as common on branches of limes. Citrus auranti- 
folia, in Jamaica. It has also been found less commonly in Cuba and southeim 
Florida. 

The woody, abnormal growth is at first covered with normal bark, which 
later becomes rough and fissured. The knots vary from % inch to 2 or 3 inches 
in diameter. When cut into, the surface is soft and crumbling as compared 
with the normal greenish bark of healthy branches. The buds on or near the 
knots frequently give rise to a large number of new shoots which fonn witches’ 
brooms (Fawcett, 1936). 

Control consists in pruning out not only the part containing diseased knots, 
but also enough of the branch to remove the fungus. The fungus may pene- 
trate far beyond the original point of infection. The pruned-out parts should 
be burned. 

* It was observed also in Palestine by the senior author in April, 1930. 
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DECLINE AND COLLAPSE OF CITEUS TREES 

Dieback of small branches and twigs, yellowing of leaves, and poor yields 
mark the decline of lemon and orange trees. A gradnal development of this 
condition has been obseived in trees of any age after seven to eight years. 
Sudden wilting and drj'ing of the foliage, followed by death of the entire tree, 
is known as collapse. The affected trees look as if they were unable to get 
enough water despite its abundance in the soil (Sokoloff and Klotz, 1943a) . 

Decline in general . — ^Examination of the root system of trees in a state of 
decline or collapse reveals a dearth of healthy feeder roots and frequently 
many injured and dead ones. In advanced stages of decline, and in collapse, 
it may be difScult to find any feeder roots. Because of the similar condition of 
the root system, some investigators believe that tlie two maladies have a similar 
origin and that the most important feature of both is the destruction of the 
fibrous root sj’stem. Otliers believe they differ not onlj'^ in degree but in 
origin as well. 

The cause or causes of these conditions are so far uncertain. One of the 
primary causes of the destruction of the root system may possibly be the pres- 
ence of substances, such as nitrites or hydrogen sulfide, and products of organic 
fermentation, such as butyric acid, which are known to be toxic to the fibrous 
roots. Experimentally, it lias been found possible to generate nitrites by water- 
logging in the presence of certain proportions of nitrates, organic matter, and 
soil microorganisms. Nitrites in sufiSeiently gi-eat concentration have been 
shown to kill roots directly, or in low concentrations to injure them so that they 
fall easy prey to the parasitic brown-rot fungi and other less aggressive 
organisms. It is believed that when from one cause or another the root system 
is unable to generate new feedere faster tlian the rate of destruction, the tree 
will deteriorate at a rate proportional to the magnitude of the difference be- 
tween the two processes, if other factors are equal (Klotz and Sokoloff, 1943; 
Sokoloff and Klotz, 1943a. h ; Klotz and Fa^vcett, 1944a ; -Klotz, 1944e, 1945a). 
No tree on any of the standard rootstocks, with the possible exception of 
Sampson tangelo, has shown any appreciable resistance to nitrite injury or 
to infection by broAvn-rot fungi imder the conditions mentioned. 

Some chemicals introduced into the soil of the root zone may, under favor- 
able conditions, prevent the accumulation of toxic concentrations of nitrites 
and possibly other respiratory poisons. Investigations with such materials 
have not yet gone far enough to warrant any specific recommendations for 
avoiding decline or for restoring declining trees to health. 

Encouraging results have been obtained by some gi'owers through resorting 
to different orchard-management practices (Foote, 1945). To pruning and 
a careful regulation of the amount and frequency of irrigation, in the opinion 
of some obser\-ers, may be credited the recovery of declining citrus trees. It 
may be worth while to point out, however, that limiting irrigation to the 
minimum consistent with survival of the trees may prove questionable in the 
long run, especially on soils containing quantities of gv’psum or other salts. 
One sliould endeavor, however, to prevent long periods of sogginess in the 
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soil. The addition of the required amount of nitrogenous fertilizers in several 
small, well-distributed applieations should, in some orchards, be found more 
efficacious than application of all the chemical at one lime. >Some growers 
advise adding small quantities of fertilizer in the irrigation water near the 
end of the irrigation period so as to keep the chemical in the root zone. (See 
discussion of orange-tree quick decline, and collapse of lemon trees, pp. 585- 
588 below.) 

Other factors that can play important parts in the complex called decline' 
are incompatibility of rootstock and top (Batchelor and Rounds, 1944) , mal- 
nutrition due to deficiencies and excesses of major and minor elements and 
to destruction of roots and leaves, injuries caused by insects, nematodes, 
viruses, bacteria, and fungi, and damage done by pest-control work and 
adverse weather. 

CITEXrS BLIGHT 

This disease, also known as wilt, has been reported principally in certain 
parts of Florida. Investigations by Rhoads (1936) indicate that most types 
of the disease have their origin in unfavorable moisture conditions in the soil 
and are not infectious. 

The first symptom is usually wilting of the foliage on trees of appreciable 
size, as if the tree were suffering from lack of water. It may appear more pro- 
nounced on dry hot days, but later the wilting may become chronic and con- 
tinue through damp weather. A single limb near the top will frequently show 
signs of wilting and the condition will spread to other branches. Leaves often 
drop off, but sometimes the wilting is sudden and the diy leaves remain hang- 
ing. No characteristic anatomical features have been found in connection with 
the trouble. 

The suggestions for control given by Rhoads in Florida are: (1) Restrict 
new plantings to more desirable types of soil. (2) Remove underlying rock 
or break up hardpan before planting. (3) Establish drainage of low-lying 
soils to avoid waterlogging in the wet season. (4) Use irrigation, if possible, 
as a safeguard against inadequate rainfall in droughty types of soil. (5) In 
the absence of irrigation, mow cover crop or use clean cultivation in the dry 
season. (6) Supply adequate organic matter in the soil and adequate fer- 
tilizers. (7) Retard surface drain-off on slojjes by furrows on contour lines, 
or use other methods to conserve moisture when needed. 

BORDEAUX INJURY 

In the hot, dry, interior citrus-gi’owing areas of California, defoliation and 
death of small twigs follows, after a lapse of several months, the late spring 
and summer applieations of 8-8-100 boi’deaux mixture with or without 0.5 

• ' Recently, a form of decline of citrus trees called “spreading decline” has been reported 

in Florida. Unlike the quick decline in California, it is not confined to sweet orange trees 
on sour stock. Grapefruit are affected most, but oranges and tangerines are also seriously 
injured. From any infected tree it has spread in all directions, in the last eight to ten years, 
at the rate of one to three trees per year. The disease is characterized by loss of leaves, 
lack of new growth, and later by death of many twigs and branches. Trees have not died, 
but have become worthless for fruit production. The cause is as yet unknown. 
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per cent oil emulsion. There is no spotting' or buiTiing and, although the next 
crop is le^ than normal, the trees later recover fully. 

In Australia, repeated spraying of Valencia oranges •with hordeaux is said 
to cause the production of small, coarse, pale fruit, to lessen tree vigor, and 
to increase the number of scale insects. 

Melanose-Iike spots on citrus leaves have been observed in Florida following 
hordeaux spraying. The markings are usuall 5 ' larger than true melanose spots 
and are often irregular or stellate in form, with longitudinal splits through 
the pointed extensions of the spots. 

Copper sprays aggravate injury from cyanide fumigation, causing fruit 
and leaf pitting and defoliation. Where fumigation is to follow hordeaux 
spray, a dilute 1-1-100 formula of the spray should be used and a period of 
4 or more weeks or at least a moderate rainfall (or, for greatest safety, both) 
should separate the spraying and fumigation. There is some evidence that 
the addition of zinc sulfate (ZiiSO^-THsO) to hordeaux mixture helps to pre- 
vent the injury. A formula of 5 poimds of zinc sulfate, 1 pound of copper 
sulfate, and 4 pounds of hydrated lime to 100 gallons of water is used. 

Occasionally, and apparently when dull f oggj' weather follows the applica- 
tion of hordeaux to lemons, dark brown to black corrosion of the rind is pro- 
duced, the extent of the necrosis being proportional to the quantity of spray 
deposited (Morris, lOotz, and Sokoloff, 1941 ) . Zinc sulfate added to the dilute 
hordeaux mixture, making a zine-eopper-lime- water spray in a proportion of 
5-1-4-100, noticeably protected the fruit from this type of injury in one large 
orchard experiment. Bordeaux injury became noticeably widespread in Los 
Angeles and Orange counties in 1944 and 1945 (Klotz and Middleton, 1945). 
All copper sprays were found to have been deleterious, and both fruit and 
leaves were injured. On the leaves, the small, round, injured areas sometimes 
extend through to the upper surface. There appears to be a correlation be- 
tween the time of application of the sprays and the degree of severity of 
injury ; the later in the whiter season the application is made, tlie more severe 
the injury. Several apparently satisfactorj- substitutes for copper sprai s have 
been found and tested in the laboratory. Field tests made thus far indicate 
that the two carbamates, zinc dimethyl ditliiocarbamate and disodium ethylene 
bis-dithiocarbamate, while less protective against brown rot than copper 
sprays, may profitably be used in locations where injury fi-om copper has been 
severe and -when the grower needs to avoid copper materials prior to HCX 
fumigation (Klotz and Zentmyer, 1946) . 

Allison (1942) found that a “dark lace-like brownish black corro.sion” of 
lemon rind was related to the presence of fresh ■wounds on the surface of fruit 
sprayed with a hordeaux mixture. The injuries may precede or follow the 
spray application by as long a time as 96 hours. Injury from the formation 
of “slush ice” is said also to assist in producing the black coiTOsion with bor- 
deaux mixture. Allison recommends reducing spray-pump pressure to 350 
pounds, avoiding “a nari’ow cutting stream of spray, keeping the nozzle at 
least 2 feet away from the fruit, choosing spray chemicals free from gritty 
matex’ial, and not spraying recently bruised fruit.” 
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MlSOEIxLANEOUS LEAF, TWIG, AND BEANCH DISEASES 

Spots on leaves, twigs, and branches are produced by a number of different 
agencies, and the primary cause is often difficult to determine if some time 
has elapsed since it began to operate. There are usually primary and secondary 
causes in which weather, nutrition, and orchard practices, as well as organ- 
isms, may play a part. 

The leaf and twig spots named below, which are usually of minor impor- 
tance, will not be described here. Descriptions will be found in Citrus Diseases 
and Their Control (Fawcett, 1936) at the pages here indicated: Atiehia 
fungus, page 278; Cercospora spots, 295; Mycosphaerella leaf spots, 295; 
Alternaria leaf spot, 295 ; Pleospora leaf spot, 296 ; Stigmonose, 296 ; light- 
ning injury, 338 ; witches’ broom, 345 ; galls, 344; and mottle-leaf, 353. 

DISEASES OP TEUNK, MAIN BRANCHES, AND ROOTS 

On the trunk, main branches, and roots are found some of the most destruc- 
tive of the diseases. One of these, psorosis, is discussed under “Virus Diseases” 
(p. 567). The trunk, its main branches, and especially the roots, are the 
parts throiigh which the attack. is most apt to destroy the entire tree. Pre- 
vention and successful treatment ot trunk and root diseases are of the highest 
importance. Where only the smaller branches, leaves, or fruit are severely 
damaged by diseases not systemic in nature, the diseased parts may be elimi- 
nated by pi’uning and a new top readily developed. 

GUM FOEMATION IN GENEEAL 

One of the most common effects of bark diseases, especially diseases of the 
trunk, main branches, and upper part of the main roots, is to stimulate gum 
formation, and this has led to the iise, by growlers, of the general term “gum 
disease.” Exuded gum is one of the most conspicuous features, and one of the 
first noticeable symptoms, of several bark diseases ; but gum formation itself 
is not a serious handicap to the tree unless the bark dies or the gum plugs the 
wood vessels. The gum is merely a resultant, and may sometimes serve a useful 
purpose in flooding the tissue ahead of certain invading jjarasites and slowing 
down their progress. Frequently, gum forms near the cambium under the live 
bark for considerable distances, six inches to a foot or more, beyond the margin 
of the tissue actually invaded. The presence of exuded gum alone is not a good 
diagnostic character, since its appearance and form are usually much the same 
in a large number of different diseases and its amount depends on a ntimber of 
external and internal factors such as temperature, air humidity, physiological 
conditions of the tissue, etc. Gum formation is not always due to the stim.ulus 
produced by invading organisms, but may result from irritations of chemical 
or other stimuli.^ Where organisms are not involved, however, the gum forma- 
tion is usually temporary, but may frequently be mistaken for that produced 
by the invasion of organisms. Some of the chemicals causing this stimulus are 

' Eecently, J. M. Wallace (unpublished MS) has shown that merely removing a few of 
the outermost layers of bai'k suffices to destroy the stimulus to gum formation. 
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hydi’ocyanie acid gas in fumigation, ant poisons on the bark, and certain toxie 
substances in spray materials. 

BEOWN-BOT GTJMMOSIS, OB FOOT BOOT 

The term brown-rot gummosis is used here as proposed in the second edition 
of Citrus Diseases and Their Control (Fawcett, 1936) to include basal trunk 
and crown root rots of citrus caused by any species of Phytophthora. When the 
disease occurs at or below the surface it is often called foot rot. At least three 
species, Phytophthora citrophthora, P. parasitica, and P. palmivora have been 
known to cause very similar lesions. Furthermore, a strain of Phytophthora 
cinnamomi Rands has been found to cause a bark canker on sour orange trunks 
in Brazil (Fawcett and Bitancourt, 19406). In Argentina, Frezzi (1940) 
found P. parasitica more frequently than P. citrophthora in foot-rot lesions. 
Placed in Avounds in trunk bark, P. syringae Kleb produced a typical gum- 
mosis canker (Klotz, unpublished). Prom the nature of the lesions produced 
by any of the species named aboA'C, no definite distinction can be made between 
forms of the disease previously described as foot rot and Phythiacystis gum- 
mosis or brown-rot gummosis. The term foot rot, hoAveA'.er, is Avell established 
in Florida for a tj'pe of this disease which attacks the crown roots of old 
SAA'eet orange trees. The history of the investigations is recounted by Fawcett 
(19416). 

Symptoms. — On trunks or main roots of lemons or susceptible oranges, 
patches of bark are killed through to the wood, including the cambium. Fre- 
quently, large quantities of gum are exuded (fig. 173, A). Scraping the bark 
slightly to remOA'e the sui'face layers rcA'cals the invaded portions, darkened 
to a dirty, sootlike color. Only a thin layer of wood tissue is affected. The 
bark remains firm and intact when fir.st killed, but shrinks and cracks 
longitudinally as it dries. In the lesion below' the soil surface, secondary 
organisms usually set up fermentation and moist decay. On old orange trees 
and otlier A'ai’ieties le.ss susceptible than lemons, the progress of the disease is 
slow'er and may be arrested before the lesions become large. Large patches of 
bark may, however, be killed, especially at or below the soil surface, producing 
the type of the disease that has usually been called foot rot (fig. 187) . 

After the lesion of dead bark and dead cambium has attained an appre- 
ciable .size, there will be found extending upivard and downward from it in 
the region of the Ihdng cambium a zone producing a clear watery gum — the 
“outer gummous zone.” The bark that covers it is perfectly sound in appear- 
ance, but the cambium in the affected region is yellow-ochre in color, unlike 
the normal color beyond the zone of influence, and the cambium in the invaded 
dead area is mineral browm to burnt umber. If the bark is irregular in con- 
tour, gum pockets one to two inches long are frequently formed by the accumu- 
lation sDf gum, and the resulting pressure tends to separate the bark from the 
wood. The thin layer of wood next to the dead bark of the canker is infiltrated 
Avith hardened, reddish broAvn gum which prevents a rapid drying and exces- 
siA'e cracking of the wood and discourages the entrance of wood-rotting fungi 
until it is dissolved aAvay by rain. 
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In Florida the patches of bark that first become diseased — as pointed ont by 
Rhoads and DeBusk (1931) — later dry and sink below the level of the healthy 
bark. The live bark in advance of the lesion may develop a eallus formation 
which tends to delimit the disease, especially in an upward direction above 


Fig. 187. Boot rot (inal cli goiiima) of foitv-year-old soodlnig orange trees eauseci 

Pliyiophihora spp. 
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the soil. The old patches of hark may then crack loose and slough oflE. Below- 
ground, however, the disease usually continues to spread on the main roots 
and laterally around the base of the trunk. 

Contributing conditions . — ^Important factors in producing gummosis infec- 
tion are soil and air temperatures that are favorable to it, abundant moisture 
in the soil in contact with susceptible bark over a sufficiently long perigd, and 
wounds or other injuries. A practice which greatly contributes to bringing 
on the disease is planting so deep that the susceptible bud union is at or below 
the ground level. The fungi readily enter through the irregularities of growth 
produced by adventitious buds and suckers near the bud union. 

Control . — The most effective method of prevention is the use of resistant 
rootstocks, as Sampson tangelo and sour orange. The following group of citrus 
rootstocks are listed in increasing order of resistance to brown-rot gummosis : 
Eough lemon, grapefruit, sweet orange, mandarin, and sour orange. However, 
individuals of any of the groups may under the same conditions show resist- 
ance at variance with tliat indicated by the order given. 

If it is necessary to use susceptible rootstocks, the trees should be planted 
high; it has been demonstrated that root bark is much less susceptible than 
stem bark. The lower part of the trunk, down to the first main lateral roots, 
should be exposed to the drying air by pulling the soil back from the base of 
the tree ; and the bai’k of the lower twelve inches of trunk should be protected 
by bordeaux wash or, if fumigation is to follow, by a zine-copper-lime wash* 
(Fawcett and Klotz, 1939&, 1941 ; Klotz and Fawcett, 1942b, 19445; Klotz, 
1944a, b,c,d). 

If a depression is formed as soil is pulled back from the tree base, a circular 
ridge of soil may be left to exclude irrigation water. If the depression fills 
when rains come, the water soon percolates down and the effect is ]e,ss serious 
than having w'et soil in contact with the tree base for long periods. 

When the disease breaks out, as it will in some trees on heavy soils in spite 
of careful attention to protective meas.ures, the following method of treatment 
will be found effective for anj^ lesion that does not affect more than half the 
circumference of the tree. The killed bark, -which is dark brown on the inner 
(cambium) sui’face is removed with a heavy Imife, the operator cutting 
through to the w'ood and removing a quarter to a half inch of healthy bark 
bej'ond the canker limits at the sides and about an inch of the uninvaded bark 
at the top and bottom. The apparently healthy bark of the outer gummous 
zone should not be disturbed ; it will recover rapidly as soon as the diseased 
bark has been removed and the disease thus arrested. The exposed wood should 
be covered wuth bordeaux or zinc-copper-lime -^vash, and the entire lower trunl? 
also should be painted over. Excised gummosis lesions above the ground level 
may be painted with 1 per cent pota-ssium permanganate solution or with the 
washes just mentioned. As soon as the bark edges show the formation of heal- 
ing callus, the wood.may be covered vrith white lead paint, a safe carbolineum, 
or other dressing, to protect it against decay. 


‘Dissolve 5 parts by weight of zine sulfate (ZnS0i’7H,0) and 1 part of copper sulfate 
(CuSOi'SHjO) in 48 parts of water and add 4 parts of hydrated lime. Stir thoroughly. 
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To protect young trees on susceptible rootstocks, dust the walls and bottom 
of the hole which is to receive the tree, and, just before planting, dust the 
outside of the balls with finely divided bordeaux or zinc-eopper-lime (5-1-4), 
or immerse the balls in 2-2-100 bordeaux mixture for a brief time — not long 
enough to puddle the soil. Plant high so that the first lateral roots are at the 
general surface of the soil. Just after planting, dust the lower 8 to 12 inches 
of trunk and upper main lateral roots w’ith the above-mentioned materials as 
dusts, or brush vdth the materials stirred in water to make a thin whitewash. 
If there has been much gummosis in the grove, this last treatment should be 
repeated before the second and third irrigations. Once a year, in the fall, pour 
a gallon of 2-2-100 bordeaux or 5-1-4-100 zinc-copper-hydrated-lime into the 
soil of the ball. 'Where conditions greatly favor infection, the protective treat- 
ments should be continued through the second year or until such time as the 
water from irrigation may be kept away from the trunk. Lift protectors after 
each irrigation to facilitate diying of soil at the base of tlie trunk. The trunks 
down to the first side roots should be inspected twice yearly during the first 
five years and at least once a year thereafter. Where conditions do not favor 
infection, as in dry climates and sandy loose soils, this maximum pi’ogram 
may be reduced. 

DIPLODIA— PHOMOPSIS GUMMOSIS 

A gummosis ou lemons in Florida has been associated with a combination 
effect of Diplodia and Diaporthe fungi just as, in California, a severe gum- 
ming and killing of bark is sometimes associated with the same fungi in con- 
nection with shell bark (p. 558) . The asexual or Phomopsis stage of Diaporthe 
citri is the one usually found. These two fungi when in association appear to 
induce an effect much more severe than when either is acting alone. Outer 
layers of bark are killed, a copious amount of gum is induced, and the inner 
bark is renewed over most of the area, leaving dead pockets and producing a 
scaling and shelling of bark, with only slow deterioration in the tree as a 
whole. Periods of decline and partial i-eeovery seem to follow each other. Ex- 
tremes of cold and heat, wounds, weakened growth from various causes, 
appear to fav()r this disease. When small lesions are discovered, the affected 
bark and wood should be removed, and the wood should be disinfected and 
later covered with asphalt paint or otlier good covei’ing. As a rule, it is not 
economically profitable to treat trees when they are badly affected all over the 
trunks. 

DIPLODIA GUMMOSIS AND DOTHIOEELLA GUMMOSIS 
(See also Diplodia twig bliglit, p. 547, and Diplodia and Dotliiorolla rots, p. 515) 

Two bark diseases, Diplodia gummosis, caused by Diplodia natalcnsis Evans 
(the imperfect stage of Physalospora rhodina Oke) or a similar fungus,' and 
Dothiorella gummosis, caused by the Dothiorella stage of Boiryosphaer ia ribis 
(Tode ex Fr.), are frequently so much alike that they cannot easily be distin- 
guished. Both may be found on the trunk or large limbs. 

‘Other species of Diplodia, such as D. sarmontonm (Pries) Wollenweber (1941), are 
involved. 
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As in other forms of gummosis, one of the first visible signs is gum oozing 
out on the surface. In mild eases, injury may be confined to small patches of 
bark at certain seasons of the year. These patches often heal up and leave only 
a scar. In severe eases, large areas of bark are killed and the wood becomes 
discolored underneath. It may begin in trunks or branches weakened from 
cold or other causes (Klotz, 1937). Recently, this type of injury, either in 
conjunction or not in conjunction with shell bark, has become severe in several 
groves in Santa Barbara County (Calavan and White, 1947) . 

Diplodia, especially, may advance as a “heart rot” or “wood rot” (Fawcett, 
1936; Verrall, 1942). The wood is at first merely discolored without any 
apparent breaking down, but later, because of the entrance of species of 
Stereum, Polystictus, Schizophyllum, Pomes, Daldinia, etc., it may become 
soft and punky. The small lesions that form on lemon trunks, especially when 
attacked by Dothiorella, are often referred to by growers as “pocket gum” ; 
the inner bark is disintegrated and dissolved, leaving gum-filled, elongated 
cavities and grooves in the inner bark next to the cambium. The inner bark 
may be black or chocolate brown in color. The same general treatment as for 
Botrytis gummosis may be used for the “pocket gum” type of the disease. 

BOTBYTIS GUMMOSIS 

(See also Botrytis twig blight, p. 548, and Botrytis rot, p. 612) 

This type of bark disease, produced by Botrytis cinerea Pers., hafe been 
reported principally in California, but the fungus causing it is probably of 
world-wide distribution. Botrytis gummosis is usually a disease of minor im- 
portance. 

Symptoms. — In the active stage there is a softening of the invaded tissue, 
and under damp cool conditions there develops on the surface a gray-colored 
furry mat produced by the fruiting bodies of the fungus. Later there will be 
found a central spot where the bark is killed through to the wood. The gum- 
mosis sometimes accompanies decorticosis or shell bark, in which the outer 
bark on lemon trees cracks and breaks aivay in longitudinal strips. 

Since the disease appears to depend principally on abrasions, cracks, or 
other injuries to the bark, special care is necessary, pai-ticularly in moist 
weather, to avoid injuries to the bark during various orchard operations. The 
danger may be lessened by painting the tree trunk with bordeaux wash or 
other fungicides or spraying the trunks thoroughly with bordeaux mixture. 
Frost damage or other factors weakening the bark may open a way for the 
fungus. 

The invaded tissues should be scraped or cut away and the outer layers of 
bark for some distance beyond the lesions should be scraped, as in the treat- 
ment of shell bark. 

SHELL BARK, OR DECORTICOSIS 

Shell bark, or decorticosis, which affects mainly the bark of lemon trunks, 
occurs in nearly all regions of the world where lemons of Mediterranean origin 
are grown. 
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The outer bark dies, dries, shrinks, cracks, and in advanced stages tends 
partly to loosen in vertical strips, leaving the inner bark and cambium alive. 
The disease most often starts at the bud union and extends upward, and 
usually affects the largest limbs on only very old trees. Young bark appears 
to be immune. In severe cases ill which fungi such as Diaporthe citri, Diplodia 
natalensis, or others accompany the disorder, the foliage becomes sparse, leaves 
partly lose their green color and fall prematurelj’^, leaving some bare twigs. 
In milder cases, as on Lisbon lemons, shell bark progresses very slowly and 
may never show an}"^ striking damage, because the bark underneath recovers 
almost as rapidly as the disease develops. 

Recent investigations by Calavan (1947) have shown that, in the middle 
layers of the bark, lesions occur, prior to shell-bark lesions, that are free from 
fungi and are not a direct result of fungus attack. Later, as the lesions enlarge 
and extend to the surface, they become invaded by various fungi : Diaporthe 
citri, Diplodia spp., Botryosphaeria ribis, Alternaria citn, Fusarium spp., 
Colletotrichum gloeosporioides, and others. It is not yet clear what part these 
fungi play in severe cases of shell bark, but none of them appears to be the 
primary cause of shell bark. 

Calavan (1947) has also found a definite direct relationship between the 
thickness of the bark and the tendency to shell-bark development. The Lisbon 
lemon, which is less susceptible, has thiimer bark than the Eureka, which is 
notably susceptible. 

Shell bark may be avoided by the selection, for new plantings, of strains 
derived from biid-parent trees that have shown possibilities of resistance to 
the disease. This should at least reduce greatly the premature appearance of 
shell bark. It will also probably reduce the rapidity of development of shell 
bark and thus diminish the injury to the trees. 

DHY BARK (SICCORTOSI8) OB LEMON 

In coastal groves, the bark of the trunk and larger branches of many lemon 
trees have been found affected by what may be a particularly virulent foirni 
of shell bark. Both the Eureka and the Lisbon varieties on all commercial 
rootstocks are affected. The usual age range of the Eureka variety -when it is 
attacked is six to fifteen years ; that of the Lisbon, several years older. The 
bark is rapidly killed from two-thirds through the cambium to entirely 
through it, in large or small areas. Lesions usually appear’ finst near the bud 
union or crotches of large limbs. As with any form of girdling or partial 
girdling, yellowing of leaves and defoliation follows destruction of the bark. 
In advanced stages following defoliation, the small roots starve and deterio- 
rate. The decayed bark is gray to tan in color. A hard gum may or may not be 
present in inner bark, cambium, and on the outside surface of the bark. Verti- 
cal and horizontal cracks develop in the affected bark as it dries. The texture of 
the dead bark is punky. Several fungi, including Diaporthe citri, Botryo- 
sphaeria ribis, Botrytis cinerea, and Diplodia sp., have been isolated from the 
affected bark. Each is capable of killing bark when inoculated into a wound. 
However, the fact that these fungi seldom cause serious damage to trees that 
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have not previously been injured by such agencies as sunburn, cold, and chemi- 
cals suggests the possibility that some unknown agency starts the initial lesion 
and makes the bark amenable to invasion by these fungi. If the trunk is not 
more than half girdled, the affected bark and the wood, where invaded by 
Diplodia or Botryosphaeria, should be cut away and the wound covered with 
a safe carbolineum. If a new orchard is being started, budwood should be 
taken from coastal orchards of the Eureka variety which are twenty years 
old or more and which show no evidence of shell bark or dry bark ; for the 
Lisbon variety, the hudwood should be taken from healthy trees of coastal 
orchards at least thirty years old. 


EXOCOBTIS 

A shelling or sealing of bark on trifoliate orange (Poncirus trifoliata) 
trunks is here named exoeortis.' It appears to be different from shell bark 
(p. 558), which it most closely resembles. It consists of narrow, vertical, 
thin strips of partly loosened outer bark, about % to V 2 inch wide and 
to Ys inch thick. Orange and grapefruit trees on trifoliate stocks so affected 
are much stunted, while trees on healthy trifoliate stocks grow well in the 
same orchards. It is suspected that it is caused by a virus, but this has not been 
experimentally verified as yet. 

BARK EOT OF SOTIB OBANGE ROOTSTOCK 

A disease of the bark of sour orange rootstocks of Valencia orange trees has 
recently been found in Ventura County, California (Calavan and Klotz, 
unpublished) . The area affected is the sour orange bai’k only, and may extend 
from the bud union to a foot or more below ground level. The injury may 
involve only the outer half or two-thirds of the bark thiclcness, but sometimes 
it extends through to the wood, causing a vitreous gummy or resinous infil- 
trated degeneration that may or may not be accompanied by gum on the bark 
surface. Where the disease does not kill through to the cambium, there is some 
regeneration of islands of new bark. The dead bark above the soil surface 
eventually cracks and sloughs off. Accompanjdng the type of injury described, 
there is frequently a dry type of bark rot which involves the entire thickness 
of the bai’k. Several fungi, Fusarium spp., Ascochyta sp., and Colletotrichum 
sp., have been isolated from the lesions but have failed to reproduce the 
disease. Transmission by bark patch grafts from diseased to healthy rootstocks 
is being attempted. 

BIO GHANDE WOOD KECBOSIS 

A wood necrosis accompanied by gum formation has been briefly described 
by G. H. Godfrey (1945). It occurs in the lower Eio Grande Valley on sweet 
orange, grapefruit, and Meyer lemon. Sour orange stock appears to be im- 
mune. It is stated that gum arises from cracks in the bark that connect with 
irregular bands of necrotic wood. 

It is believed by Godfrey to be caused bj' an infectious organism that gains 
entrance at unprotected pruning wounds, in branches broken by storms, in 


‘Eao-, outside; eortis from corti(ci)s, pertaining to bark. 
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cracks occurring after freezes, and in injuries from chance blows by orchard 
workers’ shoes at picking and pruning time. The necrotic regions of wood 
often lie an inch or more beneath the surface. They are irregular in size, vary- 
ing from % inch to 2 inches in thickness, and may be several inches wide. The 
spread from a point of origin is greater upward and downward than laterally. 
Affected wood is firm and slightly darker than normal wood except at the 
advancing border, which is salmon pink. In the pink border, hyphae and 
spores of very small diameter, suggesting an aetinomycete, have been observed 
in microscopic sections by Godfrey. Attempts made to culture this organi.sm 
have failed. Inoculation of healthy wood by means of small bits of wood from 
the pink border have transmitted the necrotic bands. The deadwood in older 
necrotic regions was found to be invaded by secondary organisms, chiefly 
Diplodia natalensis. 

AEMILLABIA BOOT EOT 

Armillaria root rot, also called fungus root rot and oak-root fungus, caused 
by the toadstool fungus, Armillaria mellea (Vahl) Quel., is serious in certain 
local areas in California. It is similar to the Clitocybe root rot found in 
Florida. 

Symptoms. — The aboveground evidence of this disease is either a sudden 
wilting or a more gradual deterioration showing as yellowing and dropping 
of the foliage in a part of the tree or over the entire tree. The definite evidence 
is below the ground surface, on the roots. It begins as a puffing or swelling of 
the bark. Later the fungus shows as; (1) white, felty, fan-shaped growth 
under and in the bark; (2) cordlike, purplish brown rhizomorphs on the root 
surface; and (3) occasionally, but not generally, light brown toadstools above- 
ground. The fan-shaped white to light pinldsh mycelium that shows as the 
bark is pulled away is one of the best diagnostic characters. The cordlike, 
brown to black rhizomorphs, which resemble small roots on the bark surface, 
are also a good identifying symptom when present. Bach rhizomorph con- 
sists of a bundle of fungus threads, the outer layer of which has hardened 
into a shell. The toadstools, usually in clusters, are light tan with tiny brown 
scales on top of the cap. The lower surface is white or dull white with white 
spores. A delicate ring usually occui’s on the stalk below the opened cap. 
The toadstools (fig. 188) ordinarily are present only during late autumn 
or early winter. They last onlj’- a short time before becoming infested with 
insect larvae and disintegrating. 

Contributing conditions. — The disease is most apt to occur where suscep- 
tible native or introduced trees infected wnth this fungus have been taken out 
and citrus trees have been planted in their places. As the roots of the citrus 
trees come in contact with pieces of the old native tree roots that are infected 
with Armillaria, the fungus attacks them. In California, the native oalra 
and sycamores, and susceptible deciduous trees such as apricot and peach 
and the introduced pepper tree, Schinus molle Linn., are the trees which seem 
most often to tran.smit the malady to citrus. Since the disease is favored by 
damp conditions, and cannot spread rapidly under dry ones, the exposure of 
an actively spreading lesion on a large root to the drying effect of the air will 
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Fig. 18S. Armillaria root rot caused bj A. mellea: {lop) 
sporophbrcs in several stages of developmentj {nUddie) sporo- 
phores and shoestrings or rhizoznorpbs on sweet orange root ; 
{lotcer left) sptorophores and affected roota and trunk of 
Pranas sp.; (ioicer riffht) sporophores near affected Yaleneia 
tree. 
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usually halt the advance of the fungus. The fungus often occurs in localized 
areas in an orchard. 

Control measures. — Preliminary to control, the outlines of the area should 
be definitely located by digging around tlie crown roots, trenching, and thor- 
oughly examining the roots. The two major problems in control are: (1) 
elimination of the fungus, together with the trees, from an infected area, and 
(2) prevention of spread of the disease to healthy areas while the infected 
trees still remain. In pulling or digging infected trees, remove as znany of 
the medium and large roots as possible. Then, after the soil is allowed to dry 
well to a depth that includes the root zone, use carbon bisulfide, 2 ounces per 
hole, in holes 8 to 12 inches deep and 18 inches apart in rows also 18 inches 
apart, the holes in each row being staggered with those in the next. Four extra 
holes about 5 feet deep should be made near the former location of tree trunks 
where deep roots occur. The topsoil should be wet to a depth of 2 or 3 inches 
just before the holes are made, so that it may act as a blanket over the drier 
soil below, in which the gas from the carbon bisulfide is to act. The holes should 
be plugged with soil immediately after the liquid is applied. 

If infected trees are to be left standing, ^vith or without treatment, make 
a single row of holes, 18 inches apazrt and 8 to 12 inches deep, in the bottom 
of a trench surrounding the diseased area, and inject cazhon bisulfide as 
described above. Next, in the soil of the z-efilled trench make another row of 
holes and again inject carbon bisulfide. The latter row of holes should extend 
outside of the infected area, isolating it f i-om the healthy areas. This barrier 
treatment should be reziewed every six months as long as infected trees remain. 
The life of trees ozily lightly affected may be prolonged if affected spots on 
large roots at the base of the trunk are exposed to air, visibly diseased tissue 
is out away, and the parts of roots on which lesiozis have occurred are thor- 
oughly dried out in summer. See Fawcett (1936) and Bliss^ for further details. 

CLITOCYBE HOOT EOT 

Clitocybe root z'ot, caused by Clitocyie iabescens (Scop.) Bz'es., is similar 
to Armillaria root rot in general appearance and requiz-es a similar treatment 
(Rhoads and DeBusk, 1931). Its loiown occurrence on citrus is limited to 
Florida. It attacks other frizit and forest tz-ees izz the southerzz states from 
Florida to North Carolina and to Mis.soui’i, Oklahoma, and Texas. On citrus 
it is found mostly on Rough lemon and sweet orange rootstock, but not on sour 
orange. One of the most comniozzly attacked ti’ees izz Florida is the Australian 
pine, Casuarina equisetifoUa. 

In the absence of toadstools no easy way is known of distinguishing between 
Clitocybe root rot and Armillaria I'oot rot. The two rots show the same type of 
fan-shaped mycelial growth between bai’k and wood, azzd black strands of 
fungus imbedded izz the outer bark. One distizzction is the absence, in Clitocybe 
root rot, of the brown to black superficial rhizomorphs growizzg over the sur- 
face of the barkj but since these az’e not alzvays present izz Armillaz’ia root rot, 

* See Suggestions for the Control of Armillaria Boot Bot in Citrus, University of Cali- 
fornia Circular (lithographed), 1944. 
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their absence alone is not a sure diagnostic character. The stem of the Clitocybe 
toadstool always lacks the annulus or collar which is usually found on the 
stall? of the Armillaria toadstool. 

DRY ROOT ROT 

This term has been used rather loosely for certain root rots the causes of 
which are not known, and probably covers some of what is now loosely called 
“decline disease” in California. The word “dry” applies to this root rot only 
in its later stages. In the early active stage of the disease the hark may be 
moist j if the soil is wet it may even be semimushy. Not all the factors of 
cause and occurrence are yet known. It is thought to be related to unfavorable 
moisture or air conditions in the soil. It has been confused with cyanide 
injury, kerosene-spray injury, old attacks of foot rot caused by Phytophthora, 
old gopher injuries, and other causes. Dry root rot as known in California is 
not a clear-cut disease. One or more species of Fusarium are almost always 
found associated with it, hut inoculation experiments with these have so far 
failed to reproduce the disease in its severe typical form. At most, the 
Fusarium inoculations have caused only very small and insignificant lesions, 
and these fungi are thought to be secondary. Sometimes almost aH of the main 
roots and rootlets may be affected in varying degrees. The rot may start on 
one side of the taproot or on the larger lateral roots and spread around them ; 
the lesions may be old ones caused by Phytophthora or other agencies. Hard 
dead wood is found underneath and there is usually a tendency for lesions to 
enlarge for a time and then to become self-limited. Small lesions may some- 
times be covered over by new bark. 

The manifestations of disease abovegmund are, first, an open, thin appear- 
ance of the tree, followed by yellowing and dropping of foliage and frequently 
by the setting of an unusually large crop. The foliage may wilt suddenly and 
the twigs dry up in a few days, as in the collapse stage of orange-tree quick 
decline (see p. 585). 

No satisfactory method of control appears feasible for advanced stages of 
the disease, since the wood as well as the bark is badly affected. In milder 
eases, when only some of the roots are affected, these may be cut out and 
destroyed, and if the lesions are not too far advanced on the large crown roots 
the diseased bark and wood may be cut away to a distance beyond the visible 
margin and disinfected with mercuric cyanide or mercuric chloride (1 to 500) 
and allowed to dry thoroughly. Before the soil is replaced, the cuts may be 
covered Avith thick asphalt paint or tar. A measure helpful to preA^ention is 
not to permit an excess of water near the croAA'n roots. 

ROSELLINIA ROOT DISEASE 

This root rot, caused by the fungi Bosellinia pepo Pat. and B. hunodes (B. 
and Br. ) Saee., has been found in the tropics, especially in proximity to dead 
and dying stumps on forest lands in the West Indies. It attacks other plants 
besides citrus. In some of its manifestations it is not unlike the Armillaria 
root rot. 
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Symptoms. — Trees recently killed show most of the lateral roots dead, wiib 
their surfaces covered with mats of fungus, dark brown and intermixed with 
earth. Underneath the bark on the wood are fan-shaped mycelial masses that 
turn yellow when old. There may be a thin, black, carbonaceon.s growth on the 
surface of old roots at the base of the trunk. A dark olive-green eonrinnotis 
weft of fungus may extend a foot or more below the soil. 

Control. — Removal of all stumps and logs from newly cleared land before 
planting lime trees is advised by Nowell (1923) as an ideal means of preven- 
tion. If this is not economically possible, trees may be planted in blocks or 
squares isolated one from another by means of trench drains. Since the fungi 
causing the disease thrive especially in continuously damp situations and 
camiot persist under dry conditions, free circulation of air under the trees 
should be obtained by cutting off low hanging branches and clearing away 
the weeds. Light cases may be successfully treated, thus preventing them from 
becoming new centers of distribution. To prevent the spread of the fungus a 
checkerboard of trenches may be used, isolating each tree from its neighbor, 
in addition to the main isolation trench around the old, suspected area. 

COTTON KOOT EOT 


This minor disease of citrus, fo\md in Texas and occasionally in Arizona, 
is caused by the fungus Phymatotriehum omnivormi (Shear) Duggar. 

•The aboveground symptoms first show as a yellowing of foliage and an 
undue shedding of leaves. Later the leaves suddenly wilt, and the tree dies 
within a few days, the dried leaves still hanging on its branches. 

The belowground symptoms are (1) strands of parallel and anastomosing 
fungus hyphae which at first are white, later becoming yellowish buff, and 
which grow on the roots and into the contiguous soil ; (2) small, dark, firm, 
rounded bodies, usually smaller than radish seed, produced in the soil near 
infected roots ; and (3) a spore mat, the Phymatotriehum stage, at first a whit- 
ish, flat, fluffy growth on the soil surface, later becoming a cushionlike mass, on 
the exposed part of which are produced minute buff-colorcd spores. As a 
treatment in Texas, Bach suggests making holes 1% inches in diameter in the 
soil, starting 4 to 6 inches from the trunk at the bottom of a basin and extend- 
ing 12 to 18 inches into the soil, in a sloping direction toward tlie taproot. Ten 
gallons of water in which 1 pound of copper sulfate has been dissolved is 
poured into the basin in one or several applications. In correspondence, R. B. 
Streets of the Arizona Station reports beneficial effects on infected deciduous 
trees by soil treatment with ammonium sulfate. He scattered 10 pounds of 


the fertilizer over each 100 square feet of soil and flooded with 2^4 inches 


of water. 


HAED BOOT EOT 


This disease occurs in Southern Rhodesia, where it is attributed to the pres- 
ence of Bhizoctonia lamellifera Small acting under adverse conditions for 
the host. 

The bark cracks just above the bud union, occasionally extending up the 
trunk without gum except in rare cases. As the bark sloughs off, the wood is 
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seen to be light buff. The affected roots become dry, brittle, and light in color, 
and the bark becomes a loose, fragile, enclosing cylinder. The inner layer of 
the bark of roots is usually jet black, sometimes adhering as a black incrusta- 
tion. The wood may be pinkish brown, with numerous small black bodies 
measuring at most %2 inch in diameter. 

Hopkins (1929) reports that, in Southern Rhodesia, inarching, together 
with cutting away and destroying large diseased lateral roots, offers possi- 
bilities of successful treatment. All diseased wood should be cut away, and 
wounds should be disinfected with mercuric chloride (1 part to 1,000 parts 
of water) and then covered with asphalt paint or other covering. In the plant- 
ing of new trees care should be taken not to produce unnecessary wounds or 
to use excessive water for too long a time at the base. 

CITBTJS NEMATODE INJURY 

The small feeder roots of citrus are attacked by microscopic worms belong- 
ing to the group called nemas or nematodes. The one most abundant on citrus 
is Tylenchulus semipenetrans Cobb., the citrus nematode which has been found 
generally in citrus orchards in southern California and in a number of other 
regions (Thomas, 1923). It has been reported by Carvalho (1942) as causing 
injury to citrus trees in the Central District of the State of Sao Paulo, Brazil. 
Other nematodes that have been found to infect roots of citrus in California 
are the meadow nematode, Pratylenehus pratensis (de Man) Pilipjev,* and 
the banana nematode, P.musicola (Cobb) Pilipjev. 

On roots infested with Tylenchulus semipenetrans the soil particles cling 
rather tenaciously, owing to the secretion by the worms of a gelatinous mate- 
rial in which their eggs are embedded. When the root is heavily infested, the 
bark usually separates readily from the woody central cylinder. That nema- 
todes play a part in the destruction of feeder roots must be assumed, although 
the relative importance of this factor in the orchard has not been thoroughly 
established. The work of Thomas (1923) shows definitely that heavily in- 
fested trees in large plots slowly deteriorate, as compared with uninfested 
trees. 

Observations indicate that unknown factors cause great fiuctuations in 
nematode populations on the roots of citrus trees. At some times, enormous 
numbers will be found attacking the roots ; at others, indeed throughout entire 
seasons, very few. An excessive multiplication of nematodes, with their prob- 
ably bad effects on the tree, followed by periods of apparent diminution and 
with partial recovery of the tree, is attributed to unknown factors influencing 
and controlling the number of nematodes. 

Linford et al. (1938) found that the population of the common garden 
nematode, a different species, was greatly diminished by the addition of cer- 
tain forms of organic matter to the soil. They list fifty-two enemies of this 
species, many of them fungi. 

Satisfactory means of preventing an excessive increase, of citrus nematodes 

‘Identified by Gerald Thorne, Bureau of Plant Industry; letter to H. S. Fawcett, Janu- 
ary 9, 1943. 
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on roots have not yet been devised. On many good soils, good orchard practices, 
with abundant fertilization, have maintained profitable trees during most 
years, even though there were sizable numbers of nematodes on the roots. 

MISCELLANEOUS EOBMS OE INJURY TO TRUNK, 

MAIN BRANCHES, AND ROOTS 

For want of space, the injuries named below will not be described here. 
Descriptions of them may be found in Citrus Diseases and Their Control 
(Fawcett, 1936) at the page or pages designated : Sclerotinia gummosis, page 
134 ; fumigation injury, pages 184-187 ; rodent injury, 184; gas and oil injury, 
153 ; Torula fungus, 218 ; bark spot of Brazil, 219 ; fire ant injury, 219 ; red 
root rot, 142; Macrophomina root rot, 140; Ganoderma root rot, 142; Rhizoc- 
tonia rot and damp off, 96, 142 ; and water injury associated with species of 
Phoma, TJstulina, Poria, Fomes, Fusariiun, 146-150 ; and myeorhizal fungus,' 

page 155. VIRUS OR VIRUS-LIKE DISEASES 

A number of maladies showing the ssmiptoms that are characteristic of virus 
diseases, or similar symptoms, will be included here. That some of these are 
virus diseases is only suspected. That they are transmitted by a virus has 
been proved only for those so described. Until it is known positively that Ihe 
others are virus diseases, no Latin binomial names of viruses should be applied 
to them (Fawcett, 1940, 1942) . On further study, some of them may prove to 
be merely different manifestations or varieties pi’oduced by the same causal 
agent. Some that show symptoms resembling those of virus diseases may prove 
to result from other causes than virus. Some of the symptoms may be attribut- 
able to inherent bud valuation or to mixtures of virus infection and bud varia- 
tion. However, they are included here until their real nature is known. 

PSOROSIS 

Psorosis, also called “scaly bark” in California, is world-wide in distribution 
and should not be confused with leprosis (see p. 578), called “scaly bark” in 
Florida, where psorosis also occui’s. Psorosis manifests itself on leaves as well 
as on the bark. It is caused by a virus (Fawcett, 1933a), Gitrivir psorosis 
(Fawcett, 1940, 1941o) . The term psorosis has recently been expanded to in- 
clude certain manifestations of disease which previously were thought to be 
separate diseases but which now are attributed to the activity of varieties of the 
psorosis virus (Fawcett and Klotz, 1938; Fawcett and Bitancourt, 1943) : 
psorosis A, atti’ibuted to the virus Gitrivir psorosis var. vulgare Faw. ; psoro- 
sis B, to G. psorosis var. amdatum Faw. ; concave gum psorosis, to C. psorosis 
var. concavum Faw. ; and blind-pocket psorosis, to G. psorosis var. alveolatum 
Faw. For crinkly-leaf psorosis and infectious-variegation psorosis, both of 
which are diseases attacking lemons, one of the varieties or a mixture of them 
may be held accountable. All these varieties have been transmitted by uniting 
living tissue of diseased, trees with healthy tissue of psorosis-free trees, but 
in no other manner (Fawcett, 1936, 1939a, 6, 1941a, b ; Rhoads, 1942) . 

^ See also Neill (1944). 
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Symptoms on young leaves . — ^ilany small, elongated, light-colored areas 
occur in the region of the small veinlets. On young tender leaves not only the 
veinlets themselves, but also the adjacent tissue, may show faint to pronounced 
clearing. These small, cleared places, about 1 to 3 millimeters long and ^ 
mm. to 1 mm. broad, ma.v be numerous and scattered over the entire blade, 
or may occupy only certain parts of it. Sometimes only a small proportion 



Fig. 189. Young leaf .Hyraptoins similar in all varieties of psorosis: 

A, B, diseased; C, healthy. 

of tlie young leaves show these symptoms, but at others a majority will show 
them. Often the pattern is not distinct; spots fade out gradually at the 
margins, or run together. Frequently, a distinct pattern is formed by the 
cleared regions, making what is Itnowm as an “oak-leaf pattern” (fig. 189, A). 
Veinlet clearing alone is sometimes seen. To see these sjunptoms most readily, 
the young fourth- to half -grown leaves, while shaded, should be vieived with 
the light of the sky coming through them. The lighter green areas will show 
in contrast to the darker green of the rest of the blade. Such symptoms are 
common to trees affected with different strains or varieties of what is con- 
sidered to be the same virus. 
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Great caution is necessary to prevent mistaking, for psorosis, injuries caused 
by thrips, red spider, small hailstones, or minute sand grains driven by wind, 
all of which may produce similar-sized markings. Frequently, other sjTuptoms 
occur on mature leaves, especially in psorosis B (see p. 571) . 

Psorosis A . — This is by far the most common variety of psorosis. It is caused 
by the virus Citrivir psorosis var. vulgar e (Fawcett, 1941a) . Although slower 
to develop deleterious effects, and less serious in its effects on a given tree, 
psorosis A does much more damage than psorosis B. The citrus species most 
severely affected by psorosis A, so far as bark lesions are concerned, are sweet 
orange, grapefruit, and tangerines, but other species show leaf symptoms and 
deterioration when subjected to virulent strains of the virus. The disease 
usually begins on the bark, either as scales of bark with or without gum for- 
mation, or as aggregations of small pustules under which are bro-wn specks 
(fig. 190, B) . The scales of outer bark are dry, irregular fiakes, %2 to % inch 
ill thickness (fig. 190, A) , with live, tan- to buff-colored bark underneath. This 
form usuall 5 ' first occurs in localized areas on some of the older bark of trunk 
or limbs of trees from six to twelve or more years of age. As the scaling ad- 
vances, the deeper layers of bark and even the wood become visibly affected. 
Gum often forms, in small or large amounts, varying with weather and growth 
conditions. The rate of sealing varies on different trees. After the lesion has 
been present for some years, gummy deposits occur beneath and between 
layers of wood corresponding to years or seasons of growth. Later the wood 
becomes drab to brown or i*eddish brown in color, the discoloration pro- 
gressing in an irregular fashion, not necessarily following the grain of the 
wood. The tree then deteriorates rapidly ; leaves that form are small, yellow, 
and few in number (Bitancourt, Fawcett, and Wallace, 1943). 

Prevention of psorosis A, as well as other associated forms of virus disease, 
consists in planting trees originating only from bud-parent trees that are 
free from these virus forms. Trees originating from psorosis-free bud parents 
registered by the State Depai'tment of Agriculture are now available in many 
California citrus nurseries (Fawcett, 1936, 19395, 1944). 

Treatment of psorosis A to prolong the usefulness of the affected tree con- 
sists in scraping the bark or painting with dinitro as suggested below before 
the tree shows any visible deterioi'atiou in foliage. No permanent cure is known. 
After wood discoloration sets in and noticeable deterioration of foliage and 
twigs is seen, it is not as a rule economically profitable to attempt-treatment. 
When lesions are small, not larger than one’s hand, scrape deep enough or 
paint with dinitro (see below) to eliminate discolored layers. Scrape the outer 
laj'ers of the not visibly affected surrounding bark for a distance of 6 to 8 
inches above and below and 4 to 6 inches on each side, or apply dinitro without 
scraping. Except in very wet weather, no disinfectant after scraping need be 
used. If an affected area covers more than one-third the circumference of the 
trunk it is not possible to scrape deeply enough to eliminate all discoloration. 
Once deterioration of the top begins, no further treatment is usually econom- 
ical. A peeling of the outer bark induced by painting the diseased and the 
surrounding bark 6 to 8 inches above and below and 4 to 6 inches on each side 
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with a 1 per cent dinitro compound in kerosene ( DN 75 ) , wi tliont scraping, is 
giving promising results (Fawcett and Cochran, 1944; Fawcett, 1945a), and 
is being used by many growers as a cheap substitute for scraping. 

Psorosis B. — The virus of psorosis B is called Citrivir psorosis var. anula- 
tum (Fawcett, 1940, 1941a). Psorosis B is the less frequent ^’-ariety and 
differs from psorosis A in showing gum formation in' advance of, rather than 
after, sealing. It also shows a rapid advance of scaling in a continuous strip 
or area, usually along one side of the trank or main branch and even into 
much smaller limbs and twigs than is usual for psorosis B (fig. 191) . 

The symptoms on young leaves are the same as in psorosis A. Mature leaves 
and fruit on trees with psorosis B may have circular spots or ring spots 
noticeably different from the minute flecks seen on young leaves. These spots 
frequently consist of concentric rings, some parts of which on navel orange 
fruit may become necrotic and sunken (fig. 191 ) . Similar spots have been 
seen on Valencias, lemons, and grapefruit. On the fruit, furrows and de* 
pressions making a rough, bumpy condition may result. On twigs, gumming 
and scaling often occur, extending to much smaller twigs than in psorosis A. 
Bark of water sprouts may also show ring spots similar to those on fruit and 
mature leaves. 

Psorosis B is so rapid in its progress that no treatment is usually effective. 
Prevention is the same as for psorosis A. 

Concave gum psorosis. — This form is caused by the virus Citrivir psorosis 
var. concavum (Fawcett, 1941a). Concave gum psorosis is reported in Cali- 
fornia, Brazil, and Paraguay. It has been noted most commonly on oranges. 
In Paraguay, Fawcett and Bitaneourt (1940a) observed it on lemons. It has 
the same symptoms on young leaves as psorosis A and B and blind pocket; 
that is, small, clear areas or flecks in the region of the small veinlets. Most 
conspicuous are the broad concavities of various sizes on the trunk or limbs 
formed by the an-ested or Retarded growth of wood tissue in localized regions 
(fig. 174, A, above). These are for the most part covered with normal bark, 
with a erevice or crack through which, usually in summer or fall, gum may 
ooze to the surface. Under the bark of these concavities are masses of gummy, 
granulated tissue, often cinnamon to tawny or russet in color. The underlying 
layers of wood, Avhieh are usually thinner than normal, are impregnated with 
a semiliquid to cheesy or gummy substance. Few to many successive gum- 
fiUed layers of wood, alternatmg with layers of nearly normal wood, are 
found. The injurious effects may act slowly over many years, but in time 
numerous lesions on a tree may result in serious deterioration or even death. 
If there are few small concavities these may be chiseled out, but if many con- 
cavities are present no practical treatment is known. Prevention is the same 
as that stated for psorosis A. 

Blind-pocket psorosis. — This variety is caused by the virus Citrivir psorosis 
var. alveolatum (Fawcett, 1941a). Blind pocket has been reported only in 
California, most commonly on oranges, but once on lemons. It is also associated 
with symptoms on young leaves similar to those shown by concave gum disease 
and psorosis A and B. It has two forms: the plain blind pockets in bark and 
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rig. 191. Psorosis B caused by Citrivir psorosis var. amilatum : bark symptoms and ring 

spots on leaves and fruit. 


wood (fig. 174,2?), and the eniptive form (fig. 174,0. The pocket form 
usually differs from concave gum disease in having narrower, more abruptly 
depressed, troughlike regions, frequently with two almost straight, concave or 
convex sides which come together at an acute angle at the bottom. Some attacks 
show longer or shorter depressions or depressions with less abrupt slopes. 
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nearly resembling the concavities of concave gnra disease. Under the bottom 
of the depressions are cores of tissue ocherous salmon in color, later impreg- 
nated with a hard, gumlike substance. Only rarely is gum forced out to the 
surface from these blind pockets. An eruptive lesion may occasionally occur 
with scaling of the bark within an area occupied by several blind pockets; it 
then somewhat resembles that of psorosis A, but forms thicker scales of bar)? 
and is likelier to form dead areas of bark in the lesions. 

No treatment is known for either concave gum disease or blind pocket except 
to chisel out the concavities or pockets, if only one to a very few occur. If there 
are many, as in the illustrations, this is not a practicable remedy. Prevention 
is the same as that stated for psorosis A. 

In South Africa an infectious disease called “stem pitting,” which has 
symptoms similar to those of blind pocket, is reported on grapefruit in practi- 
cally every commercial orchard in the Union.^ A few Valencia and shaddock 
trees have also shown the disease. It differs from blind pocket in that very 
young nursery trees show symptoms. 

Crinkly-leaf psorosis. — The virus causing crinkly leaf in lemon may be the 
same as some of the psorosis A strains, or it may be a mixture (Fawcett and 
Bitaiicourt, 1943). It has therefore not been given a separate name. It occurs 
principally as a leaf symptom of mature leaves of lemon. The young leaves 
show the same symptoms as for the other vai'ieties of psoi’osis. Crinkly-leaf 
psorosis has been found principally on lemon leaves and fruit. Besides the 
flecking in young leaves characteristic of psorosis, the blades of mature leaves 
show warping and pocketing on some branches or over the entire tree. The 
fruit is frequently but not always coarse, rough, and misshapen on trees or 
branches so affected. In severe cases, fruits, especially lemons, arc covered 
with irregular bumps. Somewhat similar temporary effects may result from 
improper nutrition or from the activities of mites, aphis, or other insects. 
Another form appears to be an inherent bud variation. 

No characteristic bark symptoms occur on lemon bark, but if the tree is on 
a stock susceptible to bark symptoms, such as sweet orange, the characteristic 
bark symptoms of psorosis A will usually occur on the stock when the tree is 
old enough. 

Infectious-variegation psorosis. — This form, found principally on lemon 
leaves (Fawcett and Klotz, 1939a), also shows symptoms on young leaves 
similar to those manifested by the other varieties as described above. Since it 
appears to be closely associated with crinkly leaf of lemon, presumably a form 
of psorosis A, the virus causing it likewise has not received a separate name. 
The symptoms on leaves have some resemblances to the infectious mottling 
(see p. 574) . Infectious-variegation psorosis has been found associated with 
a crinkly-leaf condition of lemons (fig. 175). Portions of the leaf blade of 
some of the leaves lack the green color and are white to yellowish white. In 
some leaves the chlorotic areas are entirely on one side of the midrib, and in 
others they are scattered over the entire blade but not arranged in any definite 

’ Progress report on citrus research work conducted in the Sunday’s River Valiev for the 
period 1931-1946. 
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pattern. Some leaves, near affected ones, appear entirely normal. The young 
leaves also show the flecking that is characteristic of psorosis. 

Both infectious variegation and crinkly leaf have been transmitted by bud- 
ding to healthy lemon, sweet orange, and sour orange trees. It is therefore 
useless to top-work or bud-over trees with crinkly leaf or infectious variega- 
tion, using healthy buds, since the virus will enter the new part and tend to 
produce the same effect in the new top. 

PETBI’S INFECTIOUS MOTTLING 

A peculiar mottling of young leaves of sour orange was found by Petri in 
Sicily in 1930, which, because of its reported absence in lemon, appears to 
be different from the infectious variegation of California. Petri (1931) con- 
cluded from his experiments that the virus was probably transmitted by an 
aphid, Toxoptera aurantii. Fawcett (1941o) proposed the name Citrivir itali- 
cmn for the vinis. As reported by Petri, the leaves contain white, pale green, 
or j^ellow irregular areas. In some leaves, toward the apex, the discolored 
regions extended across the blade. Narrow green bands were left along the 
midrib and at the bases of the secondary veins. An increase of palisade cells 
caused the upper surface to protrude slightly. The affected area was a light 
malachite green. Leaves were also blistered and wilted. In the white parts of 
the leaf the cytoplasm of the palisade cells developed a gummy degeneration. 
Sweet orange, lemon, and mandarin leaves were not affected. Most of the 
affected leaves were infested with the black aphis Toxoptera aurantii. In some 
respects the symptoms reported and illustrated by Petri on sour orange leaves 
are similar to the infectious variegation on lemons in California. Petri re- 
ported, however, that lemons Avere not found to be affected in Italy. This Avould 
indicate a difference, but does not certainly proi'e that it is distinct. Similar 
leaf symptoms have been produced by budding the California form into sour 
orange. Prevention woidd consist, as for other A^arieties of psorosis, in the same 
procedure as given for psorosis A. 

TRABUT’S INFECTIOUS CHLOROSIS 

In Algeria, Trabut (1913) reported what he called “chlorose infeetieuse.” 
He states that it first appeared as a clearing of the main leaf veins and later 
re,sulted in a clearing of smaller veins. This appears to differ from the infec- 
tious mottling described by Petri ; but AA'hether it may haA^e been leaf symptoms 
of psorosis or general starvation it is hard to say. 

CORKY BARK 

Corky bark, so termed because corklike eruptions develop in the bark (Faw- 
cett and Bitancourt, 1943), takes on various forms which are accompanied 
by varied effects on the tree itself. That corky bark is a virus disease is sus- 
pected but not proved. Gumlike substances are usually mixed with the cork- 
like cells of the lesions, and the wood underneath may also be affected. In 
necrotic-cavity corky bark the lesions are in the form of necrotic cavities, 
the margins of AA'bich are composed of corky, raised tissues impregnated Avith 
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hard, vitreous, gumlike material, and small scales or flakes of bark. Crumhly- 
gum corky hark occurs on, orange trees in irregular, eruptive, gall -like for- 
mations and ridges, in most of which gum and broken tissue together form 
light broAvn, crumbly masses protruding from the surface. Banded corky 
hark on Valencia orange appears as raised bands of corky eruptions extend- 
ing horizontally around, or part way around,' the trunk or limb of the tree. 
These may occur as narrow horizontal bands or ridges, 1 or 2 millimeters 
wide and the same distance apart, over an area several inches long. In cir- 
cular-spot corky hark the circular regions of erupted, corklike layers of 
bark have been found on navel orange trees and bear a remote resemblance 
to some types of psorosis A. In tattoo-netted corky hark the irregular, elon- 
gated areas, spots, and ridges of corky bark often form patterns which 
suggest the name “tattoo-netted.” Branch growth of affected trees often shows 
curved twigs and shortened nodes. Badly diseased trees often have eruptive 
areas similar to those of psorosis A, with pi’imary and secondary lesions in 
the wood or areas resembling eruptive blind pocket. Some of these may be 
attributable to a mixture of virus and factors of inherent bud variations. 

KNOBBY BARK 

Knobby bark is a conditioir of trunks or limbs of orange and lemon trees 
which is distinguished by the presence of knobs or hard gaU-like projections 
covered with nearly normal unbroken bark. That knobby bark is a virus dis- 
ease is merely suspected, not proved. The knobs vary in size from 1 to 2 inches 
across and project Ys to % inch or more from the usual contour of the bark. 
The bark over them is of about the same thickness as in other areas. The wood 
tissue underneath the knobs is softer and more easily cut than normal wood, 
is light brovTiish in color, and occurs as a spheroid core extending down into, 
or embedded in, the normal wood. The knob shows growth in circles and curves, 
with a light-colored gumlike substance within. 

FLORIDA GUMMOSrS 

This disease, chiefly on orange and grapefruit trees, although having much 
in common with psorosis A, has been distinguished from psorosis as known 
in Florida. That it may be caused by a virus is suspected but not proved. 
Longitudinal cracks flrst appear iri the bark of trunks and larger branches, 
from which gum exudes and frequently runs down the bai’k. If not washed 
away by rains, the gum collects and hardens in masses. The bark on either 
side of the cracks becomes discolored, dies for a short distance, and separates 
from the wood. The areas may later heal over, scales and bits of dead bark 
then sloughing off, leaving a series of light-colored to brownish, resinous- 
appearing scars. There is often an alternation between breaking out and 
healing. In advanced cases, large areas of the trunk and large branches are 
affeeted, and in many waj^s the disease resembles advanced cases of psorosis. 
It is believed to be similar to, or possibly a variety of, psorosis. On theoretical 
grounds it is suggested that tlie disease may be caused by some virus produc- 
ing effects similar to those of psorosis. 
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The bark-scraping described for psorosis is reported to be the best method 
of treatment for cases not too far advanced. 

BRANCH BLIGHT OP GRAPEFRUIT 

A severe killing bade of grapefruit branches occurs in the Imperial and 
Coachella valleys of California. Although it is sometimes found associated 
with psorosis hark lesions, it often appears independently of bark sealing 
and is thought to be different from psorosis. Certain branches die back from 
the tips in the early stages of branch blight, but as the disease progresses, 
lesions may extend along one side of a branch for an appreciable distance 
and may ultimately result in the death of the entire branch. Both bark and 
wood of diseased branches are killed, and during the growing season abun- 
dant gum exudes near the margins of the affected areas. Light to dark brown 
affected wood may extend some distance beyond the margin of dead bark. 
Dead bark and wood are invaded by Torula sp.f Diplodia sp., and other 
fungi. Eeeent observations indicate that this disease may have a relationship 
to high water table, high salt content in the soil, and to sunburn on partly 
defoliated branches. Recent inoculations by E. C. Calavan (unpublished) 
have shown that the Torula fungus under medium to high temperatures causes 
lesions in live bark and wood and is probably a factor in death of tissue. 

COm^X GUM 

This disease was observed in the fall of 1941 on Kushanchow sweet orange. 
Citrus sinensis, by Lin Kung-hsiang (1943), in Fukien Province, which is in 
the southern part of China. The Tooehow tangerine and Ponkan, both Citrus 
nolilis, were free from the disease. That it may be caused by a virus is sus- 
pected but not proved. 

Bark swellings appear which produce convexities of the surface and gum 
formation under them ; this suggested the name “convex gum.” The swellings 
are often numerous, and generally larger on the trunk than on the twigs, 
the most common type averaging about 1 inch in diameter. "When the swellings 
are cut into, brownish, semiliquid to cheesy gum is found in flattened pockets 
in the wood, to % inch beneath the cambium. The cambium appears un- 
affected. When a large quantity of gum accumulates in a pocket, it breaks 
through and a canker-like lesion re.sults. A less common type has swellings 
averaging % inch in diameter which, when cut into, show numerous small, 
dark brown spots of gum in the bark. 

Affected trees less than five years of age, with the common type of lesions, 
are killed or badly stunted ; older trees may often appear uninjured. 

Pending further investigation, Lin Kung-hsiang suggests the possibility 
that convex gum is a virus disease, possibly related to psorosis. 

CROTCH DISEASE OF TANGERINES 

This disease w'as first noted by Fawcett and Bitancourt (1940a) at Asuncion 
in 1937 (Fawcett, 1937) . The same year, it was found at Salto, Uruguay, and 

^ Similar to Torula climidiata foirad on citrus in Tulare County in 1924 (FaAveett, 1936). 
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at various places in Argentina (Fawcett and Bitancourt, 1940c) . In Paraguay 
it was quite serious and appeared to be killing many tangerine trees and 
greatly injuring others. The cause is not known, but a virus is suspected. 
Diplodia sp. has also been found in some lesions and may be associated with 
the cause of the damage.* 

In the crotches of the main branches are dark, water-soaked regions in 
which the bark is injured or killed; in advanced cases it is split open and 
rotted. The affected tissue ferments, giving off an alcoholic odor and producing 
a white foam which oozes from the splits in the bark. There appears later to 
be a partial healing, with formation of open cankers. In some respects but not 
in others these symptoms are similar to those described for bark rot of the 
Orient, a disease which also attacks chiefly the tangerine, or mandarin oranges. 
(See next section.) 

A possible contributing condition maj’- be the manner of branching observed. 
A great many branches were seen to fonn from nearly the same level on the 
main trunk. Their bases were crowded and formed depressed pockets where 
rain water accumulated and where fruits were retained and rotted. 

It is possible that preventive measures would consist in pi-uning young trees 
to get a better spacing of main branches. Dead bark should be removed and 
the wounds treated as in brown-rot gummosis. 

BABK BOT 

Bark rot is a disease, apparently confined to Oriental countries, which is 
widespread in China, Japan, Java, and the Philippines, especially on man- 
darin oranges. To a slight degree it affects calamondiu {Citrus mitis Blanco) 
and papeda {Citrus hystrix Dc.). In some respects it j-esembles crotch disease 
of South America, described in the previous section. As has been observed of 
psorosis, old trees are more likely to be affected than young trees. The cause 
is not known, but a virus is suspected. White foam or froth, which exudes 
from cracks in the bark, is one of the most conspicuous symptoms. According 
to Lee (1923a) , it is not a bacterial ooze, but contains masses of yeast cells and 
myeelia of fungi which are believed to be secondary symptoms. There is also a 
dissolution of the soft, actively functioning cells of the bark. Insects enter 
through cracks in the bark. Later the tissues are killed longitudinally and 
laterally and the entire affected limb is killed. The lesions occur not only on 
the trunk and larger limbs, but well up into the trees. 

In Java the disease is reported to be prevalent only in regions where trees 
suffer from drought. Sufficient irrigation is suggested as a preventive measure. 

XYLOPOBOSIS 

This disease is prevalent mainly on sweet lime stocks in Palestine, where it 
was first reported by Reichert (Keiehei-t and Perlberger, 1934). It has also 
been reported in Brazil by Fawcett (1937) and Fawcett and Bitancourt 

' The senior author isolated Diplodia sp. from some lesions in 1937, but does not believe 
that this is the causal agent. In a letter from Speroni, January 30. 1940, to H. S. Pawcett, 
isolation of Diplodia sp. is also reported. 
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(1937b), and by Moreira (1938), and has been seen in California on several 
stoelrs. That it is a virus disease is suspected but not pi’oved. 

Three stagfes in the development of the disease have been described in Pales- 
tine: (1) Small, roundish or ovoid depressions of various sizes occur in the 
wood of the stock below the bud union, and can be detected only by careful 
observation. They result from a deformation of the wood — small conoid pits 
into which corresponding pegs or protuberances of the bark fit. These effects, 
which may occur as early as a year after budding, are usually just below the 
bud union and do not extend into the scion. (2) The bark is further depressed 
and small depressions merge into large patches and bands. Usually, an appre- 
ciable overgrowth of the scion occurs, forming's kind of knee. The pits become 
numerous, giving the wood a perforated, sievelike appearance, and the stock 
becomes elastic and easily bent over by the weight of the top. (3) Certain 
parts of tlie bark become brown, from the inside through to the surface, begin 
to decay and split, and later turn blackish and peel away in pieces. The adja- 
cent wood dries, tuims dark, and decays. All leaves produced are small, and 
branches wither slowly until the whole top dies. 

Many tests have indicated that no microorganisms are present in the first 
two stages of the disease, and only in the later stages after the bark is begin- 
ning to decay have fungi been found. These are apparently secondary and 
in no way causal. 

An obvious preventive method for new plantings is to use, if possible, stocks 
that are immune to the disease. On trees with the susceptible sweet lime stock 
which has proved suitable in many soils in other respects, inarching (supple- 
mentary budding) with young resistant trees — as, for example, sour orange — 
planted close to the trunk has proved beneficial. 

LEPROSIS 

Leprosis is also known as “nailliead rust” and “scaly bark” in Florida, and 
as “lepra explosiva” in Argentina. It occurs also in Brazil and Paraguay, and 
in the Orient. In Florida, it is severe only on sweet orange varieties and less 
injurious on grapefruit and sour orange. In Brazil and Argentina, leaf symp- 
toms may occur on tangerines, lemons, limes, and citrons, as well as on sweet 
oi-anges. Bitancourt, however, reported that the Sahara variety of sweet 
orange, considered a hybrid, was nearly immune to the disease. 

The disease develops at fii'st as round or oval sjjots on twigs, leaves, and fruit 
(fig. 192). On twigs, the spots are at first raised above the surface and are 
chestnut to auburn in color ; later the bark is glazed, hard, brittle, and cracked, 
tending finally to break into scales. When the spots increase in number, they 
may join, forming patches of scaly and scabby bark with an effect resembling 
psorosis. On the fruit in Florida, the spots, ^ to inch in diameter, may 
have a chestnut brown center with a lemon yellow halo which fades impercep- 
tibly into the normal green of immature fiuit. On leaves the spots resemble 
those on fruit, becoming brown in color, sometimes with slightly raised con- 
centric rings and a yellow zone in the form of a halo. Leaf spots of leprosis 
are rarely seen on Florida trees, but are common in Brazil, Argentina, and 
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Pig. 192. Leprosis or “nailhead rust” on twigs of Florida sweet 
orange. The disease is probably caused by a virus. 
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Paraguay, where great variation exists in the type and appearance of the spots. 
The cause is still uncertain, although it has been suspected that leprosis is 
a virus disease (Fawcett, 19336; Bitancourt, 1935). Fungi appear not to be 
operative in its initial cause. West (1926), from 129 isolation tests in Florida, 
found only well-known organisms in about 90 per cent of the trials, and inocu- 
lations were negative. In sections cut from diseased wood he found no organ- 
i.sms, but only gum pockets, including only parenchyma cells between the 
phloem and epidermis. In Argentina, experiments indicate that it may be 
transferred by means of mites (Marehionatto, 1938) . Bitancourt has recently 
made investigations of the time of maximum infection in Brazil which indicate 
an infectious agent. It occurs in Florida in proximity to bodies of water and 
also close to a species of oak, Quercus laurifolia, on which similar twig lesions 
have been found (P'aweett and Rhoads, 1939). Whether or not these factors 
contribute to its oeeurrenee is not known. 

Maximum treatment for Florida when trees are badly affected is as follows : 
Q) Spray with bordeaux-oil emulsion (6-6-100 plus 1 per cent oil) about 
February, before the blo.ssoms open. (2) Follow this wnth thorough pruning 
of all dead and weakened w'ood. (3) Spray a second time in less than two 
months after the blossoms shed. (4) Spray the third time tw'o months after 
the second treatment. The minimum treatment wdien trees are only slightly 
or moderately affected may be limited to the first spray, as above, or at most 
one spraying with pruning. In Brazil, spi-aying with lime-sulfur has also been 
found effective (Bitancourt, 1934, 1940-1941) . 

CONCEKTBIO KING BLOTCH 

This is a spotting of unknown cause found principally on leaves. It is pos- 
sibly attributable to a virus, but this has not been proved. It is widespread 
in South Africa, where it has been known for many years and affects most 
of the citrus varieties. Although it occurs principally on leaves, it is occasion- 
ally found on twigs and even on fruit. 

The disease shows as minute yellow rings surrounding a dull green center. 
Later, two or three concentric rings may be formed. Often the upper surface 
of the leaf is thickly covered with spots which show through on the under- 
surface as indistinct yellow spots. Gum formation commonly accompanies the 
ring blotch. The epidermis and palisade cells are filled with a brown gummy 
substance which raises the cuticle to form a brown blister. When severe the 
disease has a tendency to cause partial or almost complete defoliation. It has 
certain resemblances to some spots caused by leprosis on leaves in Brazil. 

RING SPOT OP LIMES 

Near Corrientes in Argentina in 1937 a leaf spot resembling a virus-caused 
malady was noted on West Indian limes by Fawcett and Bitancourt.^ It is 
possibly a new virus disease or a manifestation of one of the psorosis varieties, 
but this has not been proved. Spots occupied from one-fifth to one-half the 
area of the leaf blade and seldom extended to the margin. The area inside 


“ From notes taken by H. S. Faiveett, April, 1937. 
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the spot was light green and somewhat translucent, in contrast to the normal 
green and opaqueness of the remaining area. The spots were formed by a 
series of narrow imperfect rings close together. The margin as a whole was 
somewhat irregular. No necrosis was observed. Red spider mites were numer- 
ous on the spots. 

ZONATE CHLOROSIS, OB CHLOEOSE ZONADA 

This disease occurs on leaves and fruit in Brazil. The symptoms on leaves 
w'ere described by Bitancourt and Grille (1934) as “alternating light and dark 
parallel zones or stripes, either forming elliptic rings or irregular lines sym- 
metrically disposed around the midrib. The green fruits show annular or 
circular chlorotic areas one-fourth of an inch to an inch or more in diameter. 
The ripe fruits show dark brown, slightly depressed irregular areas, some- 
times in the form of a ring or an are.” On such fruits there were found pecu- 
liar locations of rust mite and rust staining that seemed to correspond with 
the subsequent formation of dark areas of the zonate chlorosis. When severe 
it may greatly impair the commercial value of the fruit. The spots resemble 
certain mature leaf spots of psorosis B in California. Bitancourt (1935) sug- 
gested that a virus is the probable cause of this disease. 

CYCLOSIS 

Cyclosis,^ another malady suspected of being a virus disease, was first re- 
ported by J. Deslandes, and because it was found at Lavras, Minas Geraes, 
Brazil, it is known as the “novadoenga de Lavra.s,” Lavras disease (Fawcett 
et al., 1936) . It occurred on the leaves of the Pera and sw'eet seedling oranges. 
The symptoms are circular to elongated spots of appreciable size. Some spots 
are light j'ellow and elongated along the lateral veins, with a discolored por- 
tion on each side of the vein; others are in the form of rings. Older spots often 
have gum pustules along the margin or scattered over the spots. It appears 
to be a virus-like disease with .symptoms on leaves intermediate between 
leprosis and zonate chlorosis. 


OMBBOSIS 

Ombrosis is characterized by dark maroon-coloi’ed circular spots on citron 
leaves found at Sorocaba, Sao Paulo, Brazil. It was first reported by Fawcett 
and Bitancourt ( 19376 ) . The spots have within them small dark dots probably 
produced by formation of hard gum. In genei-al the spots have a slightly 
burned or smoked appearance. From the limited number of leaves found it 
is not i)ossible to tell how serious the disease may be. 

CHBYSOSIS 

Chrysosis w^as first found by Fawcett and Bitancourt (1937a, 19376) in the 
State of Bahia, Brazil. This consisted of a yellow or golden spot resembling ring 
spot and suggesting a virus disease. It occurred on sour orange leaves that 

* This disease is n-amed cyclosis, meaning circular disease, by Eawcett and Bitancourt iu 
an unpublished manuscript. It is also referred to by Fawcett (1937). 
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had numerous red spider mites on them. The mites appeared to be most numer- 
ous in the area of the spots. 

LITTLE-LEAS' BISEASE OF PALESTINE 

Little-leaf of Palestine, or xeromorphosis, first definitely noted in 1928, has 
been investigated by Eeiehert and Perlberger. The leaves are rather small and 
brittle and tend to stand upright, and young shoots often dry out at the tips. 
Branches have short joints, and the fruits tend to be round instead of the 
usual OA'al or elongate form of the Palestine Shamouti orange. Perlberger, 
when visiting California in 1946, said, on seeing the stubborn disease, that the 
little-leaf of Palestine and the .stubborn disease in California were similar in 
appearance. 

The disease is reported to be brought about by climatic conditions accom- 
panying periods of high temperatures and exceptionally low humidity. 

Since little-leaf is carried over into young trees budded from little-leaf trees, 
the use of budwood fi-om little-leaf trees should be avoided. 

ST.TIBBOBN DISEASE 

The stubborn disease has been found associated with the “aeorn”^ fruit, 
and the two are considered to be two symptoms of a virus disease (Fawcett, 
Perrv, and Johnston, 1944) . The virus is called Citrivir pertinaciae (Fawcett, 
1946). 

History . — The disease was first called the “stubborn” disease at Bast High- 
lands, California, about 1929 by J. C. Periy, who observed that, when affected 
navel orange trees were top-woi‘ked with healthy buds of the same variety, 
they were sloAv or “stubborn” in their growth and had the same general appear- 
ance as the original trees. The “acorn” fmit was not noted at that time. The 
attention of the senior author was directed to this disease in the Redlands 
district iii 1938 by Frank K. Cole, and, about 1927, to a condition of the fruit 
then called “pink nose” in the Redlands district. This was later known as 
“acorn” fruit. In the meantime, the “acorn” fruit associated with abnonnal 
branching was obsem'ed on navel oranges in various orchards, especially 
in eastern Los Angeles County and San Bernardino County by various mem- 
bers of the Extension Seiwice. This type of fruit is seen only rarely on Valen- 
cia ti'ees. 

In 1941, R. G. LaRue and J. C. Johnston mapped certain navel orchards, 
and in one of these in the Ontario district A. R. C. Haas and L. J. Klotz made 
a study of the chemical and physiological characteristics of the fruit (Haas, 
Klotz, and Johnston, 1944(7, 1944&). 

The stubborn disease and the “acorn” frflit were at first thought to be 
entirely different troubles. It remamed for J. C. Johnston to direct attention 
to the striking similarity of the foliage and branch characteristics. It was then 
observed that the “acorn” fimit, as well as the other symptoms, were to be 
found generally on nearly all trees so affected in the three localities in Cali- 

^ L. J. Klotz in California and J. C. Johnston in Arizona independently adopted this name 
for such fruit. 
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fornia here mentioned. Fourteen trees grown at the Citrus Experiment Sta- 
tion from buds from three infected trees at Eedlands in 1938 showed in 1944 
the leaf and branch symptoms. Half of these were top-worked with liealthy 
buds in 1942, and the shoots from the healthy buds showed symptoms as they 
grew out and later produced aeom-shaped fruit (Fawcett, 1946). Pending 
fui’ther investigation, it may be pointed out that the disease of grapefruit 
in Arizona known as “crazj’- top,” with its accompanying “acorn” fruit and 
blue nose, may be the same malady. 

Symptoms . — The most constant ehai-acteristic of the disease, which is that 
appearing in the foliage and branches, is difficult to describe. Usuallj' it 
appears most conspicuously in the winter months, ■when an untimely autumn 
growth of small branches and leaves is likelj' to occur on diseased navel trees. 
More of the leaves appear to be broader and shorter, and to bend upward more 
on each side of the midrib, than on healthy trees. The leaves usually tend to 
become somewhat chlorotic and at first more numerous in a given space, owing 
to greater branching of twigs, but later, in severe eases, to shed more tlian on 
healthy ti’ees. 

The growth of multiple buds and shorter internodes tends to give a some- 
what brushlike appearance. Iilany twigs die. Trees gradually decrease in 
fruiting. 

The, fruit symptoms are more definite. The fruits are usually fewer in 
number, more irregular in size, and paler in color than those on healthy trees, 
and the proportion of “off-bloom” fruits is greater. Some of the fruits, even 
the fourth- to half -.size gi'een ones, may show the cliaracteristic “acorn” sliape. 
The acorn appearance becomes more striking in some late-.sea,son matiu'e fruit, 
most of which is dropped from badly diseased trees and is almost invaribly 
decayed by the fungus Colletotrichum gloeosporioides. Mature “acorn” fruits, 
however, are not always found every year on diseased trees. The rind of tlie 
“acorn” fruit appears normal near the stem end and abruptly becomes thinner 
and smoother on the surface until it is quite thin near the stylar end. The 
thinning may also extend in some fruits to part or all of the stem end. In 
navels the stylar or navel end often takes on a pinkish cast, which suggested 
the name “pink nose.” Frequently, especially in grapefruit, there is a blue 
color in the albedo of the thin portion of tlie rind ; hence the name “blue nose” 
has also been used. In severe cases the pulp of the stylar end has a very sour 
and disagreeable taste and sometimes a disagreeable odor. Large affected 
trees might be mistaken for the inherent, luiproductive type and for the so- 
called “Australian” type of navel. 

Prevention . — Enough now appears to be known about the probable nature 
of this disease to suggest that care be taken to avoid budding nursery trees 
with buds from trees with the stubborn di.sease. It also suggests the usefulness 
of top-woi’king affected trees with good navel buds. Whether tops of Valencia 
or other varieties will succeed remains to be detei-mined. We have no definite 
evidence of its spread in the orchard. Observations on navels in California 
indicate that if it spreads other than by budding it probably does so very 
slowly. 
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TEISTEZA DISEASE 

This disease is characterized by the failure and dying of the sweet oranges, 
tangerines, and gi*apefruit on sour orange stock. It was first noted without 
any distinctive name in South Africa (Davis, 1924; "Webber, 1925 ; and Mar- 
loth, 1938). Later it became serious in Java (Toxopeus, 1937) and in Argen- 
tina (Carrera, 1933; Speroni, 1936; Bitanconrt, 1940), and more recently 
it has become so in Brazil (Bitanconrt, 1940; Drummond-Gonealves and 
Pereira, 1942; Pereira, 1942), where it is referred to as the “tristeza” of 
citrus by Moreira (1942). 

Symptoms . — According to Carrera (1933), the first symptoms in Argentina 
are a gradual yellowing of leaves of the terminal shoots. The leaves later 
shrivel and fall. The leaf fall proceeds from above downward and from the 
periphery to the center. The rootlets die and new rootlets fail to form. The 
final re.sult is the death of the entire tree. Speroni (1936) reports a general 
stunting of the tree, and a partial chlorosis and a rosette-like arrangement 
of the abnormally small leaves. In general, a sudden collapse, with leaves 
drying up on the tree, does not oceur. No striking, clear-cut symptoms have 
yet been found that distinguish this disease from slow failure and death from 
various other causes. In brief, the trees stop growing ; rootlets and, later, larger 
roots decay; leaves either turn yellow and fall or wilt and dry up suddenly in 
place ; twigs and then branches die back; and finally the entire tree dies. 

Possible cause . — Several theories have been proposed to account for the 
disease. That it is of virus origin was suggested by Fawcett and Bitaneourt 
in a memorandum in 1937 and first published by Bitanconrt (1940-1941).' 
The virus theory as interpreted and discussed in detail by "Webber (1943a, i) 
appears to explain all the facts (see chap, ii, p. 102, and Webber’s articles as 
cited above, for details) . 

Webber’s theoi’y (considering, for example, the sweet orange and .sour 
orange combinations only) assumes that the leaves of the sour orange produce 
some product not produced by sweet orange leaves which inhibits the action 
and development of the A’irus and thus protects its own or other roots. "When 
the sour orange leaves are absent, as in sweet orange scions on sour orange 
stock, the counteracting .substance is absent and the virus becomes ]eti)al to 
the sour orange roots. In the reverse combination, with sour orange leaves 
in the top and sweet orange roots, the roots would be protected because of the 
inhibiting action produced by the sour orange leaves. His theorj^ also assumes 
that the leaves of successful .sciojis like lemon on sour orange stock are eilher 
immune to the disease and tlius not carriers, or that they produce an inhibitive 
sub.stance that protects the sour orange roots. 

Another interpretation which also fits the facts, suggested to Webber by 
It. C. Codiran, assumes a tissue specificity in the leaves of sweet orange for 

^ A translation from this article states (p. 65) : "In conformity to the memorandum of 
Fawcett and Bitaneourt, a virus disease latent in the sour orange and virulent to the sweet 
would explain the recovery of the sour orange on the suppression of the sweet orange top, 
but would not explain the recovery of the sweet toj) when inarched with resistant stocks.” 
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the yirus which develops a substance that, -when translocated downward, is 
lethal to the sour orange stock. This would also assume that if vii'u.s invades 
sour orange leaves it fails lo produce substances toxic to its own or other root- 
stocks (Rawlins and Parker, lfl34). It further assumes that leaves of suc- 
cessful scions, like lemon on sour orange stock, would also fail to produce 
substances toxic to sour orange roots. A number of authors in South America 
have found the citrus nematodes on the roots and have postulated a direct or 
indirect causal rclatioir to tristeza. This explanation does not appear plausible, 
because this nematode species has been known in all parts of California since 
1913 without causing any disease similar to tristeza.^ 

The only practical remedy to be suggested is to inarch the trees on sour 
stock to other resistant stocks such as Rough lemon, sweet orange, or sweet 
lime, or to top-work the sweet orange trees, before they have deteriorated too 
far, with lemon or other resistant tops (Bitancourt, 1940-1941). For new 
plantings, the disea,se appears to be avoided by using other than sour orange 
stocks when sweet orange, tangerine, or grapefruit scions are involved. (For 
details relating to the susceptible and resistant stocks and scions, see chap, 
ii, pp. 100-103.) 

OHAK-GB-TEEE QUICK DECLIKE 

The trouble known in California as quick decline has thus far been found 
attacking only sweet orange trees nith sour orange rootstocks. It occurs 
mainly in some of the light, sandy soils of the Sau Gabriel Valley of Los 
Angeles Coiuity and its vicinity ; one smaller area, in northern Orange County, 
has also been affected. This disease and tristeza have many effects and symp- 
toms in common. Quick decline has recently been found experimentally to be 
a %'irus disease (Fawcett and Wallace. 1946) . 

A tree rvith quick decline behaves in some stages as if it were gophered or 
were attacked by oak-root fungus, girdled by footrot, badly waterlogged, or 
injured by nitrite, or as if it had been injured below the soil surface by kero- 
sene or other spray. One must eliminate aU these factors before saying that a 
suspected tree has only this f onn of decline. 

The first symptom of quick decline to become evident in the parts above- 
ground is a pecidiar dull color and a slight curling of leaves lengtlnvise and 
upward. Affected trees usually have an abnonnally large crop, especially of 
inside fruit. In the fall there is noticeably less new growth, and earlier de- 
velopment of high fruit color as the fruit matures. By the time there is any 
visible evidence aboveground, starch will have disappeared from mo.st if not 
all of the outer roots up to the skirts of the tree or farther inward toward the 
trunk (Fawcett, 1945a, 1945&) . 

When the trunk and main roots of trees showing severe late stages of the 
disease are cut longitudinally, jnore or less normal amounts of starch are found 
in the sweet trank, but only a central cone of starch in the sour orange portion 
below tlie bud union. In trees reaching the chronic or equilibrium stage, starch 
reappears in roots, and new roots form for a time. 

* Recently, transmission of tristeza by moans of a species of aphis tont.otivply identified 
as the black citrus aphid, Aphis invaresi, has been reported by Meneghni (1940) in Brazil. 
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Since healthy trees when girdled show about the same kind of progressire 
disappearance of starch as do trees affected by quick decline, it is indicated 
that the effect in the latter is a kind of girdling process. There then occurs a 
progressive change of foliage to distinct curling, wilting, and dropping of 
leaves, and later a dying back of twigs. This is accompanied by sloughing of 
the bark of fiber roots and progressive dying of many roots from the outer 
margin of the root system inward toward the trunk. 

AVhen the tops of the trees on which roots have begun to rot are cut back 
severely, the rot of the roots is cheeked, callus tends to form at the outer 
limits of the live bark, starch again accumulates in the. previously starch- 
free roots, and new roots put out for a time. Such roots with starch, when 
detached, rot rapidly, though less so than those without starch. -iVffeeted trees, 
when not cut back, have not only less starch, but less sugar, and slower respira- 
tory activity, than healthy trees. At certain seasons, some trees, especially 
the yoiinger ones, suddenly collapse, and the leaves and fruit dry up in place, 
ilany of the ti-ees finally die. This has .suggested the name “quick decline” 
(fig. 193). ilost of the older trees, however, decline more slowly, graduallj' 
dropping their leaves until they come to a kind of equilibrium. Later thej-may 
put out considerable new gi-owth. Some trees that were cut back and skele- 
tonized in 1941 now (1946) have some new growth and new roots. Others 
have made a feeble growth of top and roots and have developed a chronic 
fonit of the trouble which may continue for several years. Still others have 
died. Ill some of those that have survived, starch reappeai*s in the remaining 
live roots and in the new roots also. 

A study of the bark at or near the bud union (Fawcett et ah. 1946) shows 
rhat diseased tree.s have degeneration of some to all of the sieve tubes in the 
bark through which the food moves to the roots. This degeneration appears to 
begin at or below the bud union, long before the general aboveground symii- 
tonis are apparent, and later occurs above the bud miiou. pre.sumably as the 
result of a girdling effect. The degeneration of the sieve tubes is similar to 
that found in some virus diseases, such as buckskin of cherry. 

WOOD POCKET, OR EIGNO-COBTOSIS, OP DEMON 

This disease has been observed only in California, and thus far only on 
part of the progeny from a selection of semidense Lisbon lemons. It appears 
to be a virus disease, and its trausmission has been demonstrated.' The disease 
was firet noted in 1937 in one of the experiments with Lisbon lemons on 
different rootstocks at the Citrus Experiment Station. It has been noted 
elsewhere onlj* on Lisbon lemons propagated from the same source. The 
trees were ten yeare old when first noted. It has been referred to, but not 
by name, by Batchelor and Rounds (1944). Young trees propagated from 
buds of diseased trees showed the w’ood pocket after they were six 3 ’ears old. 

The most definite symptoms appear in the wood, and this suggested the 
name “wood pocket.” but the disease affects both wood and bark. A defect 

^ H. S. Fawcett and E. C. Calavan, “Wood pocket, a newly reported disease of lemons.” 
Fhytopaihoioff^. (.Abstract in press.) 




Fig. 193. Quick decline of sweet orange: .4, advanced stage, 
showing slowly developing, chronic form ; B, wilting and collapse, 
an acute form (trees ten or more years of age genorally do not die, 
but develop the chronic form A ; young, collapsed trees may die) ; 
<7, roots of affected tree, showing rotting and sloughing bark ; Z), 
iodine test for starch in (1) root from healthy tree, showing 
abundance of starch (blue-black), (2) in apparently healthy root 
from tree mth beginning stage, showing starch only in center, and 
(3) in apparently healthy root from affected tree showing starch 
entirely gone (this test is not specific for the trouble ; it servos 
only as an aid in the identification). 
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or break in the bark is often the first outward symptom, but a discoloration 
of the wood immediately inward from the break is found. Tlie break in the 
bark may be preceded in some trees by a deterioration of certain branches, 
or by mature leaf symptoms — described later. This first evidence may be a 
sliort, narrow, irregular vertical break in the bark of the trunk or limbs, with 
irregular margins of dead bark, or larger, wider, usually elongated areas. When 
cut into, the wood underneath is found to be discolored in an irregular pattern 
and filled with gum. The discoloration in longitudinal view is irregularly 
darkly dotted on a lighter-colored surface. Usually, it is only in older lesions 
that gum exudes to the bark surface. The lesions vary in size from an inch 
in length to large, one-sided lesions extending several feet along the larger 
branches. As the disease progresses, branches lose part of their leaves and die 
back gradually and the remaining mature lea^^es often become a paler green. 

Another aceompan5dng effect, not so conspicuous, is a partial loss of green 
color on large irregular areas of the leaf blade, often giving a variegated 
appearance. These areas may occupy any part of the leaf and are usually 
independent of the main veins. Sometimes they occupy only one area, or the 
lateral half, the other side being normal in color. The color in the affected 
areas varies from only a slight loss of green to greenish yello%v to an occasional 
almost pure yellow. The shape of the areas is diverse in outline, and only a 
small proportion of the leaves on a tree exhibit them. Some areas are chimera- 
like in general appearance. Tliis leaf character may be lacking or easily over- 
looked in many affected trees. 

No suggestions for prevention of the disease can now be made, except to 
avoid taking propagating material from infected individuals of this strain 
of troos 

COLLAPSE OP LEMON TREES 

Agencies which girdle a citrus tree or directly destroy its root system can 
cause the sudden wilting, collapse, and death of the tree. Among them are 
virus infectious, fungi, gophers, smudge oil, kerosene or other spray materials, 
other chemicals, and excess water. When thorough investigation has elimi- 
nated all other factors, one should look for the .specific features that would 
substantiate the hypothesis of virus infection. These are chlorotic, clearings 
in the leaves, pustules, and markings on the bark, and injury to the food- 
conducting system as revealed by careful sectioning with a microtome and 
examination with a microscope. Microscopic examination by H. Schneider of 
strips of bark through the bud union of several collapsed lemon trees has 
revealed a destruction of the food-conducting vessels, as in some other virus 
diseases of plants, and suggests the possibility that some eases of lemon col- 
lapse may be of virus origua. 
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Chapter XII 

BIOLOGICAL CONTBOL OF INSECT PESTS 

BY 

HARRY S. SMITH 

B iological control of insect pests inaj' be defined as the suppression of 
a pest by means of the introduction, propagation, and dissemination of 
the predators, the parasites, and the diseases by which it is attacked. 
Probably all kinds of plant-feeding insects are attacked by diseases or 
enemies — ^usually by more than one species. Sinee these tend strongly to reduce 
the total number of the host insects reaching maturity, they are capable of 
playing a very important part in insect-pest control. The population density 
of any species is determined by the interaction of its environmental resistance 
and its potential reproductive capacity. Environmental resistance includes 
the action of all those forces which bring about premature deaths (i.e., death 
before the reproductive functions have been fulfilled) or which reduce fecun- 
dity. Potential reproductive capacity is a measure of the maximum capacity 
of the species to produce young. 

Broadly speaking, it may he said that the potential i-eproductive capacity 
of a species is usually more or less constant. Therefore, variations in the popu- 
lation levels of a species are determined largely by variations in the amount 
of its environmental resistance. Most important among the many distinct 
factors of environmental resistance are food supply, meteorological condi- 
tions, host resistance, diseases, and parasitic and predatory enemies. 

THE COMPOSITION OF ENVIRONMENTAL RESISTANCE 
Food supply. — This factor is obviously the ultimate check to increase in 
any pest, although it is rarely opei’afive. Usually, other natural checks restrict 
the multiplication of a species before it becomes so numerous that it is limited 
by its food supply. Food shortage is operative only under extraordinary con- 
ditions, as when a species is introduced into an entirely new habitat where 
it is comparatively free from other checks; increase will then continue until 
starvation checks it. 

Meteorological conditions. — ^No species is at all times perfectly adapted to 
the climatic influences which surround it. There are optimum conditions of 
temperature, humidity, and suidight, departures from which in either direc- 
tion tend to retard or to prevent the development of an insect. This is aside 
from the effects of storms, floods, freezes, and such catastrophes, which at 
times destroy insects in large numbers. 

Host resistance. — ^Under this term are included such checks as inability of 
the insect to feed upon the host plant because of the phj'sical or chemical 
condition of the plant. For example, the host may he too hard for young 
scales to penetrate with their mouthparts, or it may have some chemical char- 
acteristic which is repellent. 
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Diseases . — The population of many species of insects is materially reduced 
by attacks of disease. The efficacy of the diseases seems for the most part to he 
strongly iiiflnenced by climatic conditions ; but where these are favorable, as 
for example where high humidity is combined with warm temperatures, they 
are highly effective in reducing the numbers of the insect attacked. The effect 
of fungus or bacterial diseases in cheeking the mcrease of insect pests, and the 
use of such diseases as a method of pest control, are discussed in chapter xiy. 

Predatory and parasitic enemies . — Most of these are insects, although birds, 
certain mammals, reptiles, and other animals are at times effectively inimical 
to insect pests. A parasitic insect is one that completes its development upon 
or within a single individual host. A predatory insect requires more than a 
single individual of the host or prey species for the completion of its develop- 
ment. There is scarcely a kno'vvn insect which does not have at least one insect 
parasite or predator that lives at its expense, and most of those which are of 
economic importance liave many such enemies. For example, about seventy- 
five different species of insect parasites are known to attack the black scale 
of citrus, Saissetia oleae (Bern.), in different parts of the world; and it also 
supports many species of predatorj’^ insects, particularly ladybird beetles. 
Some parasites and predators can, tinder favorable conditions, be of very 
great value in reducing the abundance of the species upon which they feed. 

Thei’e are other limiting factors, such as cannibalism, crowding, etc., but 
they need not be considered here. 

THE UTILIZATION OF NATURAL CONTROL AGENCIES 

If the total environmental resistance can be increased, it may reasonably 
be expected that the numbers of a pest will be reduced ; and here lies the 
economic gain. It is therefore of interest to consider the possibilities of increas- 
ing the total effect of this force. 

The ultimate check to increase, insufficient food supply, naturally does not 
lend itself to economic use. The economic aim is to increase the host plant and 
to prevent the insect from making use of it. Unfavorable meteorological con- 
ditions are of great importance in reducing or in maintaining low population 
density, but are too largely beyond the control of man to admit of practical 
use. Diseases can be increased in effectiveness by artificial culturing and dis- 
semination, although their usefulness seems rather restricted because of their 
more direct dependence upon meteorological or climatological conditions. 
Parasitic and predatory insects lend themselves well to artificial liandling, are 
relatively unaffected by meteorological variation as compared with many 
diseases, and practically are the most useful of the factors making up environ- 
mental resistance. Ju.st how advantage may be taken of this force, in the 
biological control of insect pests of citrus, is the subject of this chapter. 

Most plant-feeding insects, in their native habitat, and under conditions 
undisturbed by man, do not ordinarily become so abundant as to injure 
seriously their host plant, because usually, though not always, their parasitic 
and predatorj' enemies are effective in keeping their numbers less than would 
result in serious injury to the plants.. When, however, these same plant-feeding 
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insects are introduced and establislied in a ueiv habitat without being accom- 
panied by their parasitic and predatory enemies, they often become serious 
pests of agriculture. Insects wliich have thus become pests are favorable sub- 
jects for biological control, because — as has been demonstrated on numerous 
occasions — ^to effect important reductions in the population density of the 
introduced plant pest it is only necessary' to go to the native home of the 
pest, obtain the more important enemies, and establish them in the new habitat. 

In undertaking work of this kind the first step is the search for the country 
in which the pest originated. This is often difficult, especially w’ith respect to 
those insects which, like the black scale, have become almost world-wide in 
distribution. But sometimes the native home is already known, or may be 
determined by a study of what has been published about the insect. Occasion- 
ally, valuable enemies are found in regions other than the native home of the 
pest — parasites and predators which have taken over, as a host, an introduced 
insect and have become adapted to prej-ing upon it. The finding of the country 
of origin of the pest is followed by study of it there, to determine what para- 
sitic and predatory species are attacking it and to learn about their habits. 
This is followed by the collection and exportation of such parasites in a living 
condition to the country where they are to be used. (See fig. 194.) 

Great care must be exercised lest dangerous insects be sent in and allowed 
accidentally to escape at destination. Escapes are most likely to happen when 
the shipments contain secondary parasites — i.e., parasites of the beneficial 
species — ^which may be so de-structive as to interfere seriously with the multi- 
plication and work of the most valuable primary parasites. For this reason, 
foreign material must be handled ui iu.sect-proof quarantine rooms and studied 
by trained men who are thoroughly qualified to distinguish between the bene- 
ficial and the injurious species. (See fig. 1.95.) 

As soon as it is determined that a parasite or pi’edaceons insect is possibly 
of value, its mass propagation is undei'taken, so that it may be generally dis- 
tributed in the districts infe.sted by the host. 

The successful employment of these beneficial insects is dependent upon 
many environmental conditions, most of which are comple.x and beyond the 
control of man. Many parasitic and predatory species apparently cannot be 
established successfully in certain new habitats. Many do become established 
but for one reason or another are not sufficiently effective to render much 
service. A few — and it must be acknowledged that it is only a very small 
proportion of the introductions — tln-ive and become important factors in the 
control of the pest they were introduced to combat. 

Under certain conditions the work of imsect parasites and predators can be 
greatly aided by mass propagation in insectaries and later distribution in 
the groves in large numbers ; the ladybird beetle, Cryptohicmvs nionirousien 
Muls., has thus been put to work in various parts of the world. This method 
is not universally successful, however, because of the difficulty of rearing the 
beneficial species in sufficientl.v large numbers at a low cost, and because ordi- 
narily if they are present at all and conditions are favorable they will exert 
■without artificial aid the maximum effect of which they are capable. 
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THE DEVELOPMENT OP BIOLOGICAL CONTROL IN 
THE CITRUS INDUSTRY 

Although the idea of biological control of insect pests was not originated by 
or within the citrus industrj’-, it is undoubtedlj’’ a fact that the problems of 
that industry gave the stimulus needed to transform the idea into a potent 
practical weapon in the battle against the insect pests of agriculture. It was 
the catastrophic damage done to citrus trees by the cottony cushion scale in 
California that finally induced the United States government to consider the 
possibility that this pest might be held in subjection in its native home, Aus- 
tralia, by parasites and predators. An entomologist was sent to Australia to 
search for beneficial insects destructive to tlie pest, and the result, as will be 
related later on, was a striking success that attracted the attention of the 
agricultural and entomological world to the practical possibilities of this 
mode of attack. 

In a sense, the citrus growers of California were the pioneers in this woi*k. 
The successful outcome of the Vedalia introduction created an enthusiasm 
for biological control that has been sustained to this daj', a period of more 
than fifty years. During all this time the State of California, first through its 
Department of Agriculture and now through the University of California, has 
striven continuously to reduce the cost of control of the insect pests of citrus 
by foreign exploration for enemies to use against them. As an outcome of 
these efforts, which are described in more detail below, I'esults of great value 
have accrued to the citrus industry. Outstanding, of course, has been the 
almost perfect control of the cottony cushion scale and the citrophilus mealy- 
bug. Less spectacular but nevertheless of gi’eat economie value has been the 
control of the common mealybug and the long-tailed mealybug, and of the 
black scale. Much effort has been given to the search for enemies of the red 
scale, as will be se^n in what follows, but so far with little practical success, 
although the Chinese race of, Compenella bifasciafa Howard gives some 
grounds for belief that the situation is not entirely hopeless. 

Citrus insects appear to be partieularlA' favorable subjects for biological 
control, especially in the larger eitrus-groAving districts of the world, pri- 
marily because in these districts the major pests of citrus are not indigenous 
but for the most part have been introduced, and it is a Avell -recognized prin- 
ciple in biological control that introduced insects are more likely than native 
ones to yield to it. In most of the great citrus-growing areas of the Avorld the 
genus Citrus itself is an introduction, and with few exceptions native insects 
have not been inclined to favor greatly this exotic plant group as hosts. In 
California only two species believed to be native, the orange tortrix, Argyro- 
taenia citrana (Fern.), and the citrus thrips, ScirtotJiri'ps citri (Moult.), are 
of major commercial importance. All other major insect pests of citrus ai-e 
either definitely knoAvn or strongly belicAmd to be introduced species. This is 
also true, although perhaps to a less degree, in other citrus-groAving regions, 
and, interestingly enough, most of the major pests of citrus are the same 
insects throughout the Avorld. The California red scale, Aonidiella atirantii 
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(Mask .) ; the Spanish red scale, Chrysomphaliis dictyospermi (Morg.) ; the 
Florida red scale, C. ficus Ashmead; the purple scale, Lepidosaphes ieckii 
(Newm.); the black scale, Saissetia oleae (Beni.) ; the citrus •white fly, Dio- 
leurodes citri (R. & H.) ; and several species of mealybugs, Pseudococciis spp., 
are the principal pests of citrus toward udiich most of the control work is 
directed. Though all these insects do not occur in all the citrus regions, at 
least several of them are found in each. There is, therefore, a community 
of interest among eitnis entomologists everj'where, and no phase of insect 
control pro'vddes a better opportunity for international cooperation than the 
application of biological control to these insects (Smith, 1929). 

Purthennore, almost all the citrus-destroying insects are scale insects, and 
these, as a gi'oup, lend tliem-selves especially well to biological control, chiefly 
because (1) they are particularly vulnerable to attack by parasitic and preda- 
tory insects in all stages, since they are without special protection and with- 
out means of escape; (2) they are sedentary and easily visible, rendering 
colonization of enemies easy’ ; and (3) parasitic and predatory insects form 
relatively a very important part of the composition of the environmental 
I'esistance to which they are subject, considering the group as a whole, although 
there are important specific exceptions. Along ■with these natural factors 
which are favorable to the application of this method is the economic one that 
the cost of artificial control is very high, amounting often to an annual ex- 
penditure of $50 or more per acre. This serves as a stimulus to entomologists 
to interest themselves in this type of control, and also tends to influence citrus 
grower's to demand liberal support for the necessarily expensive exploration 
and research. 

THE BIOLOGICAL CONTROL OP IMPORTANT CITRUS PESTS* 

THE COTTONY CUSHION SCAHE 
Icerya purchasi Mask. 

The cottony cushion scale, or fluted scale, first attracted attention as a pest 
of citrus in California. At some time between 1870 and 1875 it appeared at 
Menlo Park, where it attacked not only oranges and lemons, but many’ varieties 
of ornamental shrubs as well. It spread with great raiiidity and soon found 
its way to the large commercial citrus plantings in the southern part of 
the State. The damage it did to this industry was very’ great, grove after 
grove being practically destroy’ed and others being so reduced in value that 
banks refused to make loans on them. Extensive research was carried out by^ 
scientists in the hope of finding a satisfactory- spray oi' fumigant, but without 
much success. The insect attracted national attention and the United States 
Department of Agriculture stationed two investigators in California in an 
effort to avert what appeared might be the destruction of the citrus industry. 

It was evident that the destructive scale ivas an immigi'ant from some for- 
eign country. In addition to the work carried on in California, Riley’ and 

* Limitations of space forbid, under this general heading, a discussion of all the insect 
euemies of the various pests. 
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Howard, Chief and Assistant Chief, respectively, of the United States Divi- 
sion of Entomology, undertook to determine, by correspondence and study 
of the records, the native habitat of the insect. As a result, it was discovered 
that the cottony cushion scale was a native of Australia, whence it had un- 
doubtedly been brought to California on shipments of acacias. Correspondence 
with Australian entomologists further brought out the fact that the insect 
was rather imcommon there, rarely becoming so abundant as to cause com- 
mercial damage. The question of just what factor could account for its relative 
scarcity in Australia became one of gi-eat interest to the American entomolo- 
gists. Inquiry regarding the insect enemies attacking the scale in Australia 
resulted in the sending to Washington of specimens of a tiny black fly, Crypto- 
chaetum iceryae (Will.) , by the Australian entomologist, Frazier S. Crawford. 
It was the receipt of these specimens which convinced the ofScials of the 
United States Department of Agriculture that a serious study of the scale in 
Australia was desirable, and which finally resulted in the sending of Albert 
Koebele to Australia to study the situation at first hand and to send to Cali- 
fornia such insect enemies, if he should find them, as were keeping the insect 
in subjection in its native home. 

Koebele was evidently well qualified for the task and soon found not only 
the little parasitic fly previously mentioned, but also the ladybird beetle, later 
to become famous the world over as the Vedalia, Bodolia cardimlis (JVfuls.). 
This ladybird, together with the parasitic fly Cryptochaetum and several other 
species of parasitic and predaceous insects which he found to feed upon the 
cottony cushion scale, Koebele collected in large numbers and sent to Cali- 
fornia in a living condition. The material, when received (November, 1888), 
was cared for by another Federal entomologist, D. W. Coquillet, at Los An- 
geles. Both species arrived in excellent condition and at the proper time w’ere 
released in the infested orange groves. 

The outcome of these introductions was remarkable, and success greater 
than even the most enthusiastic supporter of the idea had hoped for was 
achieved. It is not an exaggeration to say that the few hundreds of ladybirds 
introduced into the groves probably became billions before the end of the 
first season, so rapidly did they multiply in the presence of an almost un- 
limited food supply, favorable climatic conditions, and freedom from enemies. 
In the face of this attack the cottony cushion scale was rapidly reduced in 
numbers, and within eighteen months the orange groves were again giving 
indications of approaching the same vigorous, healthy condition as before the 
advent of the scale. 

The spectacular outcome of this piece of work had a striking effect among 
the citrus growers of California and attracted the attention of entomologists 
throughout the world. There was a tendency on the part of the fruitgrowers 
to generalize from this one example, to the effect that all pests could be 
controlled by this method, and to this degree the effect was bad, but it did 
stimulate the interest of entomologists in the possibilities of this type of pest 
control. Later, when the cottony cushion scale was discovered in Florida, 
Egypt, Italy, Prance, Portugal, South Africa, New Zealand, and the Hawaiian 
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Islands, it was necessarj'- only to obtain colonies of the Vedalia from California 
and introduce them into the infested districts, to bring about effective control. 

It will be admitted by most entomologists that this is the most nearly perfect 
example of biological control of an insect pest that man has thus far been 
able to bring about. The introduction of no other insect enemy of a pest has 
been so uniformly successful over so wide an area. Why is this true ? Probably 
for the following reasons: (1) The beetle larva can reach full development 
within a single egg mass, thus making unnecessary a hazardous search for 
food by the newly hatched larva, which in most predators is a cause of greatly 
reduced efSciency. (2) Vedalia breeds much more rapidly than the scale, hav- 
ing at least two generations to the latter’s one. (3) The scale and its eggs are 
completely exposed to attack by Vedalia. (4) The scale is fixed in location on 
the plant, M'hereas the Vedalia is extremely active. (5) Outside of its native 
habitat, Vedalia apparently has no important enemies of its own. 

Although the cottony cushion scale occasionally becomes abundant on single 
trees or in A'ery restricted localities, it is usually necessary to wait only a short 
time before the Vedalia puts in its appearance and cleans up the infestation. 
Sometimes, though not often, it is desirable to recolonize the Vedalia in locali- 
ties from which it has temporarily disappeared. The beetles may usually be 
obtained through some of the governmental institutions serving agriculture. 

The spraying of infested citrus trees with arsenical sprays, a practice which 
prevailed at one time, was often disastrous because the egg sacs of the scale 
absorb the poison and this is fatal to the Vedalia. Thus the scale, if it is pro- 
tected from the attack of its principal insect enemy, will again approach the 
capabilities of destruction which it exhibited in the early days before the in- 
troduction of Vedalia. This has actually occurred in several localities, and 
some of the trees did not entirely recover from the attack of the scale for 
several years. Recently, with the advent of new insecticides, it appears that 
there is some danger of this kind from the use of sprays other than arsenic. 
DDT, for example, is very destructive to the adult Vedalia and under certain 
conditions its use is accompanied by a considerable build-up of the cottony 
cushion scale. 

The great development of potent new insecticides now taking place may 
create difficult problems for the economic entomologist through destruction 
of beneficial insects which are valuable in the control of pests other than the 
one against which the treatment is directed. How far this problem will de- 
velop is not yet fully evident. 

The adult Vedalia beetles are brilliant red heavily marked with black, and 
are about 2.5 to 3.5 millimeters in length. The eggs are laid usually within 
the egg sac of the scale, and the larvae tend to remain hidden in the sac while 
going through their early development. They are pinkish in color, with dark 
markings as they grow older. They pupate on the leaves or bark of the host 
plant to which they attach themselves. 

Besides the Vedalia, the little black parasitic fly, Cryptochactum iceryae 
(Will.), also introduced from Australia, is of great importance in the control 
of cottony cushion scale. It do^s not seem to be quite so effective on mature 
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citrus trees as on young trees and shrubs, and in California it apparently is 
better adapted to coastal than to interior conditions, although it occurs com- 
monlj'^ under both. Under some conditions it has actually proved more effective 
than the Vedalia, though this is not generally true (Smith and Compere, 
1916; Thorpe, 1931). 

THE BLACK SCALE 
Saissetia oleae (Bern.) 

The cost of controlling the hlaek scale, and the increasing difficulty of con- 
trolling it regardless of cost, have naturally resulted in stimulating interest 
in its insect enemies, their nature, hahits, and economic importance. This pest 
is heavily parasitized : more than seventy-five species of primary and second- 
ary parasites are known to attack it, in one or another part of the world, in 
addition to the many species of ladybird beetles and other predators of which 
this scale is a favorite food (Smith and Compere, 1928c) . A great deal of effort 
has therefore been expended toward making practical use of this large ai’ray 
of insect enemies. 

Perhaps the fii*at .observations of importance were those made by Comstock 
in California in 1880 and recorded by Howard (1881). Comstock stated that 
“enormous quantities of the eggs of the hlaek scale are destroyed by the chalcid 
parasite, Tomocera calif arnica Howard.” At that time this species seemed to 
be the only enemy of importance attacking the black scale in California. 
Koebele (1893) reported that the black scale was found everywhere in New 
Zealand and Australia and that many species of parasites and predators were 
found preying upon it in those countries. 

In 1895, C. P. Lounsbury, entomologist for the Union of South Africa, 
pointed out, in correspondence with the United States Department of Agri- 
culture, that the black scale was rare in that country, owing to attack by 
several species of parasites, and that it became abundant only where the 
Argentine ant was present. Lounsbury’s observations led to the introduction 
of Scutellisfa cyanea Motsch. and Metaphycus lonnshuryi (How.) into Cali- 
fornia. (They will be described below.) 

Quayle (1914) studied the black scale in the Mediterj-anean region and 
found that its most important insect enemy there was the parasite Scntellista 
cyanea. It is also attacked there by two species of ladybird beetles, Chilocorvs 
hipustulatus (L.) and Exochomus qiiadriimsUdatus (L.). In addition to these 
insects, Coccophagus lycmnia (Walk.), C. scutellaris (Dalm.), and the preda- 
tory moth, Thalpochares sciiula Kbr., are enemies of this scale in Italy. 
Silvestri (1915) studied the black scale in Eriti'ea, East Africa, and found 
several species of parasites attacking it in that region. 

The attempt to control the black scale in California by the biological method 
began with the introduction of the ladybird beetle, Bhizolnus ventralis Erich., 
from Australia by Koebele in 1892. The adult of this insect is about 2 to 2.5 
millimeters in length, velvety black with abdomen reddish beneath. The larvae 
are dark gray and covered with spines and tubei'cles. The young larvae feed 
on the eggs and young beneath the parent scale and all stages feed on the 
scale in the open. It is now thoroughly established throughout California, but 
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perhaps does not exert a very great beneficial influence. Like many other 
scale-feeding ladj'^bird beetles, it thrives best in heavily infested groves, and 
once a citrus grove is in that condition Bhizoiius will sometimes become ex- 
tremely abundant and clean it up. But no grower can afford to let his grove 
become heavily infested. Long before that, it is sprayed or fumigated, and 
under such conditions Bhizobius is ineffective. Although a very efficient insect 
under conditions of heavy infestation, it must be admitted that Bhizobius 
does not fill a very important place in the pest-control program as carried out 
in California at present. 

In 1901 (Howard and Piske, 1911) the parasite Scutellista cyanea Motsch. 
was introduced into California from South Africa. The introduction wa.s 
accomplished through the efforts of Lounsbury, Howard, and Craw (Smith 
and Compere, 1928c) . This parasite is dark metallic blue-black in color, and 
about 2 to 3 millimeters in length. The high-arched thorax is characteristic of 
this species, giving it a hiunpbaeked appearance. The eggs are deposited be- 
neath the adult scale and the larvae feed upon the eggs and newly hatched 
scales. There are several generations per year. It was thoroughly distributed 
over California and is now found commonly wherever the black scale occui’s. 
For a time after its introduction it did most effective work, but, as often hap- 
pens when parasites are introduced, once it had completely adjusted itself to 
its new environment its beneficial effects as an enemy of the scale was much less 
than during the first two or thi’ee years. Hence its early promise of completely 
effective control of its host was not fulfilled. The reduction in its efficiency 
was said to be caused by a severe attack of the predatory mite, Pediculoides 
ventricosis (Newp.) , and of certain secondary parasites, which had appeared 
in California prior to the introduction of Scutellista and had subsisted on 
parasites of the soft brown and perhaps other scales. But the Scutellista also 
has intrinsic weaknesses. The parasite larva, feeding beneath the parent scale, 
often reaches maturity before it has devoured all the scale eggs present. This 
results in the escape of large numbers of scales to reinfest the tree. Scutellista’s 
effectiveness cannot be judged merely on the basis of the number of scales 
attacked. The real test of its economic value lies in its ability to prevent a 
reinfestation the following season ; but although it is thus undoubtedly of 
value, it cannot by itself so far reduce the infestation that no damage will 
occur to the citrus tree. It has a practical effectiveness, however, where it 
operates in conjunction with other enemies of the black scale. 

Scutellista cyanea is an Old 'World species, accidentally or purposely in- 
troduced into many parts of the world now inhabited by it. It is known to 
occur in Spain, France, Italy, Ceylon, India, China, South Africa, Australia, 
Hawaii, California, and Louisiana. It attacks a few other scales besides the 
black scale. 

One of the most important internal parasites of the black scale is Meta- 
phycus lounsburyi (How.), known to the California growers as Aphycus. 
This little wasp is fmn 0.7 millimeter to 1.4 millimeters in length and rather 
pale in color. It deposits its eggs within the body of the scale, where its entire 
development takes place. It attacks from half-grown to full-grown scales, even 
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attacking tke female scales after egg-laying has commenced. A generation 
requires approximately thirty days in the summer, and a much longer period 
in the cooler seasons of the year. 

MetapJiycus lounsluryi was originally described by Howard (1898) from 
specimens received from C. P. Lounsbury, who reared them from black scale 
collected at Cape Town. In 1913, several shipments of this parasite were re- 
ceived in California by the author, but it failed to become established from 
these sendings. In 1917, E. J. Vosler, returning from Australia, where he had 
been sent to collect leafhopper parasites for the California State Commission 
of Horticulture, brought with him live black scale from which were reared 
several individuals of this parasite. These were successfully propagated in 
the insectary at Sacramento, and in the autumn of 1919 colonies were placed 
in infested lemon groves at Santa Paula, California. During the following 
year this parasite did such remarkable work that many thought the black 
scale problem was solved. Orchards were thoroughly cleared of the black scale 
and in some of them fumigation was discontinued. At the end of about two 
years, however, it became evident that M. lounsliiryi was not so efficient as 
to permit abandonment of control measures of the mechanical type. Neverthe- 
less, the parasite has rendered valuable service. One very beneficial effect of 
its introduction was the destruction of “off-hatch” black scale, so that it was 
possible to time fumigation and spraying much more effectively than before. 
M. lounsluryi also gave much assistance in eliminating the black scale on 
pepper trees, formerly a frequent source of reinfestation of the citrus groves. 

In the interior of California the situation as affecting the efficient use of 
M. lounsiuryi was quite different. Here occurs a single uniform generation 
of the black scale each year, whereas on the coast there is a great deal of over- 
lapping and one may find practically all stages of the scale at any time of 
year — a condition which had a pronounced effect on the behavior of the para- 
site. Because of the short life of the adult, M. loimsiuryi, like most scale para- 
sites, must go through several generations a year in order to exist and must, 
therefore, find suitable hosts to carry it through these several generations. 
This it was able to do on the coast, but in the interior there is a long period, 
from about the first of August until February, when there are practically no 
scales large enough to serve as hosts, and hence the parasite each year became 
scarce almost to extinction. It is carried over this period on the few “off-hatch” 
scales which occur on ornamentals and young citrus trees, but in such small 
numbers as to preclude its bringing about control of its host. It is true that 
M. lounshuryi often becomes extremely abundant in July in the interior sec- 
tions, but at this season it breeds on the full-grown female scales which, in 
spite of this parasitization, are able to deposit large numbers of eggs before 
they are killed. Heavy parasitization at this season of the year does'not, there- 
fore, have any very important bearing on scale control (Smith and Compere, 
1928c). 

Among several species of black scale parasites brought into California from 
Africa by the University of California in 1937 was MetapJiycus helvolus 
(Comp.) (Compere, 1926) . This parasite is a small species with orange-colored 
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females and dark brown males (fig. 196). It has many remarkable character- 
istics. It is capable of living for long periods as an adult in the orchards — even 
for more than eight months. This is important, for in many localities its host 
exists for as long as three months in stages either too large or too small for 
parasitization by it. M. helvolus has an enormous fecundity, being capable 
of depositing an average of 400 eggs, sometimes as many as 740, per female. 



Fig. 196. Metaphyeus helvolus Comp., an effective parasite of the black scale. 


It has great powers of searching and dispei’sal, as is indicated by its general 
occurrence in all black scale localities in southern California within less than 
three years after its introduction. The adult has the extremely important 
habit of destroying, by host-feeding or sucking, large numbers of host insects 
in addition to those destroyed by parasitization, thus being a sort of combina- 
tion of parasite and predator ^^landers, 1942). No other parasite of black 
scale even approaches M. helvolus in these desirable characteristics. 

Since the general establishment of Metaphyeus helvolus in California in 
1939, the black scale has been gradually declining in numbers, until, as this 
is written (1947), the pest is less numerous than at any time since the early 
days of citriculture. Only occasional groves now require treatment; so few, 
indeed, as to occasion remark. In the coastal areas, which include all of Santa 
Barbara, Los Angeles, and Orange counties and most of Ventura and San 
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Diego counties, black scale populations were less numerous in the years 1943- 
1946 than in many seasons preceding ; so much so, that almost no insecticidal 
treatment was necessarj'^. In 1947, the number of orchards requiring treatment 
increased, but this was belieA'ed to be only a temporary condition. In certain 
more interior areas, such as some of the eastern portions of Ventura County, 
a few medium to heavy infestations occur. In the Highgrove area in Riverside 
County, and in the eastern part of San Bernardino County, that is, in the San 
Bernardino-Highland-Eedlands area, heavily infested groves are more com- 
mon. But ill southern California as a whole the general picture is one of almost 
unbelievably low populations of black scale. The downward trend of black scale 
first became noticeable in 1940 ; in 1941 it was remarkably low ; and in 1944 it 
was as low as in 1941, if not lower. This coincides with the establishment and 
spread of M. helvolus. The evidence indicates that this parasite is the factor 
most likely to be the real cause of the low poi^ulation density of black scale. 
There is, as mentioned, a relative lack of success of the parasite in certain 
interior areas. Its ineffectiveness there is related to the extremely even type 
of development of the black scale characteristic of the hot, arid sections of 
the citrus belt. In this type of development the seasonal history of the scale 
is such that for about three months in the summer there are no scale of a size 
suitable for M. helvolus to parasitize. During this time there occurs a high 
mortality of the adult parasites, so that when the scale are large enough for 
parasitizatiou in late summer the parasites have largely disappeared. For 
this reason the reproduction and spread of the species have been retarded in 
the interior areas (Smith, 1942o). 

THE MEALYBUGS 
Fseudococoiis spp. 

The problem and the parasites. — There are few, if any, important citrus- 
growing districts in the world in which mealybugs of one species or another 
do not occasionally become abundant enough to do economic injury. These 
insects are more difficult to control by spraying or fumigation than any of 
the other coccid pests of citrus, a fact which has naturally led entomologists 
to consider and to develop radically different methods for their suppression. 

■ The first attempt at biological control of mealybugs w'as the introduction 
into California of the ladybird beetle, Cryptolaemus montrousieri Muls., from 
Australia by Albert Koebele (1893). Some damage to citras groves was then 
resulting from the presence of the common mealj'bug. Pseudococcus citri 
(Risso). The Cryptolaemus beetle became established soon after its introduc- 
tion, and in the' coastal areas has persisted in California ever since. In the 
early days it often became abundant after a grove had become heavily in- 
fested, and it did a thorough job of cleaning up. Generall 3 '- speaking, however, 
it was slow in getting into action and a great deal of damage often occurred 
before it was able to reduce the infestation. As the citrus areas were extended, 
the amount of damage increased, and in 1914 the California State Commission 
of Horticulture undertook to relieve the situation by seeking additional insect 
enemies to prey on the pest. A collector was sent to Sicily, and the little para- 



610 Citrits Industry : Production of the Crop 

sitie wasp, Leptomastid^a ahnormis (Girault), was discovered and success- 
fully introduced into California (Smith, 1915). This parasite spread rapidly 
and seemed ideally suited to the California environment. It now occurs abun- 
dantly wherever its host is found, and the great reduction in the harm done 
to citrus by the common mealybug in recent years is in part attributed to its 
activities, although the extensive production and colonization of the ladybird 
beetle Cryptolaemus, as discussed below, also had a great deal to do with it. 

In the propagation of this parasite in the inseetary it was found that mealy- 
bugs could be grown cheaply on potato sprouts. This discovery led to the 
attempt to produce the ladybird beetle Cryptolaemus monirousieri on a large 
scale in inseetaries for orchard colonization. The work was economically suc- 
cessful ag&inst Pseudococcns citri (Smith and Armitage, 1931). 

Prior to this time, in 1913, the eitrophilus mealybug, Pseudococcus gahani 
Green, had appeared in the citrus groves of southern California. This species 
proved a far more serious pest than P. citri had been. It was found that mass 
production of Cryptolaemus and colonization in the groves were fairly effec- 
tive against this species also. 

Cryptolaemus monirousieri is a black ladybird with reddish head, pro- 
thorax, tips of wing covers, and abdomen. It is about 3 to 3.5 millimeters 
long. The larvae attain a length of from one-third to nearly one-half inch 
and are covered with a white, cottony secretion of wax which gives them an 
appearance very similar to that of mealybugs, particularly before they reach 
their full size. Growers and other orchard workei’s often mistake these bene- 
ficial larvae for mealybugs and destroy them. With a little experience, how- 
ever, they may be distinguished at a glance, since the arrangement of the 
wax or cottony covering is quite different from that of the mealybug, as is 
also the method of locomotion. The e^ are small, oval in shape, and of a 
golden yellow color. They are laid usually in the cottony egg sac of the mealy- 
bug, or in the vicinity of clusters of the host insects. Although the adults feed 
upon mealybugs almost exclusively, it is the larvae which are depended upon 
for the major part of the control work. The species is ideal for this purpose, 
since it has no secondary parasites in California and does not tend to disperse 
widely when colonized. 

The mass production of Cryptolaemus for mealybug control was necessi- 
tated because, even though under natural conditions the ladybird would often 
clean up an orchard, the beetle then practically disappeared because of lack 
of food. This gave the remaining mealybugs an opportunity to increase again, 
and serious damage was done before the ladybird was once more in control 
of the situation. This permitted an alternation in preponderamee between the 
pest and its natural enemies, with the result that the pest did serious damage 
during certain years. It was believed that if some way could be devised to 
make available large colonies of this natural enemy, the periodical abtindance 
of the pest could be avoided. 

Methods for mass production of Cryptolaemus. — The primary requirement 
in control of pests by this method is a large supply of the natural enemy, 
available whenever its employment is necessary. This requires a good supply 
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of the host insect upon 'which to rear the enemies in quantity. The supply has 
been obtained by breeding the mealybugs in large quantities on potato sprouts. 
(See fig. 197.) The discovery of the adaptability of the potato sprout to this 
work was the main step toward assuring the success of the mass production 
of Cryptolaemus. Investigation shows that the potato sprout is acceptable as 
a host to all the citrus-feeding mealybugs; it is available throughout the year ; 



Fig. 197. Cultures of mealybugs on potato sprouts for mass production of beneficial insects. 


and its culture is a rather simple matter when close attention is paid to details 
(Smith and Armitage, 1931). 

The mass production of Cryptolaemus in California kept pace with the dis- 
semination of the citrophilus mealybug; at one time, fourteen propagation 
plants were in operation for this purpose. The total production during the 
1928 season was more than 42,000,000 beetles, at a cost of between $2.50 and 
$4.00 per thousand. The insectaries were operated by the county govern- 
ments, local fruit growers’ associations, and some of the larger ranches. (See 
fig. 198.) 

On the whole, this work proved fairly successful against the citrophilus 
mealybug, but as the latter spread more and more widely there was difiiculty 
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in certain areas where Cryptolaemus, although colonized in considerable num- 
bers, was not able to keep the pest below the point of economic injury. As these 
refractory infestations increased, it became evident that something further 
must be done to protect the growers from serious losses. 

The native home of Pseudococcus gahani. — The University of California 
in 1927-1928 made a renewed effort to determine the country of origin of 
P. gahani, and Compere (1928, 1929) found this mealybug in Australia, under 
such conditions as to make practically certain that it originated there (Smith 



Fig. 199. Tetracnemus pretiosus Timb., an effective parasite of the citrophilus mealybug 
introduced into California from Australia. 


and Compere, 1928a, &). Five species of insect enemies were obtained: two 
internal hymeiiopterous parasites, Coccophagus gurneyi Comp, and Tetrac- 
nemus pretiosus Timb. (fig. 199) ; a ladybird beetle, Midas pygmaeus Blackb. ; 
a predatoiy fly, Diplosis sp. ; and a green lacewing, Ghrysopa ramiuri Walk, 
They were all brouglit successfully to California and were reared and col- 
onized in large numbers by the Citrus Experiment Station and the local 
insectaries. 

The introduction of the parasites Coccophagus gurneyi and Tetracnemus 
pretiosus was a great practical success. Heavy parasitizatioii promptly fol- 
lowed their introduction, the citrophilus mealybug began to decline rapidly 
in numbers, and since 1930 it has been so scarce as to be of no economic impor- 
tance (Compere and Smith, 1932). 

The w'ork of these parasites made it possible to discontinue the propagation 
of Cryptolaemus as a control for citrophilus mealybug, with a resultant sav- 
ing of more than $100,000 a year in actual cash outlay in the cost of insectary 
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operation, in addition to a considerable increase in growers’ returns by ena- 
bling them to hold Valencia oranges on the trees late in the summer when 
prices were higher. In heavy infestations it had been necessary to pick the 
fruit early, since otherwise it would drop as a result of mealybug attack (Com- 
pere and Smith, 1932). Thus a pest which had become of major importance 
on more than 50,000 acres of citrus was brought under perfect control by the 
biological method. 

Some of the insectaries are still being operated in order to supply Cryp- 
iolMinus for use in sporadic outbreaks of Pseudococcus citri. 

Other insect enemies of mealybugs. — Mealybugs as a group seem especially 
susceptible to attack by insect enemies of various kinds. Their habit of feeding 
in clusters in unprotected places renders them easily accessible to parasitic 
and predatory insects. Among the important enemies of mealybugs occurring 
in California are the brown lacewings or sympherobiids. These insects are 
generally distributed throughout the infested area and by some entomologists 
have been considered the most important of the predatory insects attacking 
particularly the common mealybug. This has not been true recently, however, 
owing to the extensive propagation of Crypiolaemus. The adult brown lace- 
wings are small, about 6 millimeters in length, and are brownish in color, with 
rather conspicuously netted wings. The eggs are deposited singly witlun the 
egg masses of the mealj'bug or near by, and are pearly white in color. The 
larvae are dull gray and are rather active in habit. Pupation takes place in a 
delicate oval cocoon. There are several generations a year, the mnaaber depend- 
ing upon temperature and food supply. 

The green lacewing, Chrysopa calif omica Coq., is one of the most important 
enemies of mealybugs, particularly of Pseudococcus gahani. It does not, how- 
ever, take readilj’^ to mass production, and in the open it is severely attacked 
by internal parasites which greatly reduce its effectiveness. In spite of this 
difficulty it is of some value, particularly during the colder parts of the year. 
The adult green lacewing is from 9 to 14 millimeters in length and is bright 
green in color, with beautiful gauzy wings canned arched over the back when 
not in use. The eggs are deposited on long stalks. The larvae are provided with 
long, sickle-shaped jaws, which are very effective. As the larva reaches ma- 
turity, a dense spherical white cocoon is spun, usually attached to the bark or 
some other rough surface on the tree. 

In 1921 the ladybird beetle Scymmis hinaevatus Muls. was successfully 
established in California, having been introduced from Cape Town, South 
Africa. This insect is distinct in appearance from any of the other species 
occurring in California by reason of its greatly elongated body. It is blackish 
ui color, with a brown spot on each wing cover. The larvae are covered with 
a white, cottony secretion. This little beetle became valuable in the control of 
Pseudococcus gahani because of its habit of searching in crevices for mealy- 
bugs which were likely to escape attack by other natural enemies. It is dis- 
tributed throughout the coastal area of southern California (Smith, 1923). 

In 1934, Leptomastix dactylopii How., a parasite of the common mealybug, 
P. citri, was introduced into California from Brazil by the University of Cali- 
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fomia (fig. 200). By the end of 1935 more than 4,000,000 individuals of this 
parasite, each a descendant of the single pair imported from Brazil, ha,d been 
propagated in the insectaries and released in the citrus orchards of California 
(Compere, 1939). This species has given effective assistance in the control of 



rig. 200. Leptomastis dactylopii How., a parasite of 
the conunon mealybug imported from Argentina by the 
University of California. 


the common mealybug, P. citri, in Ventura County, and the Associates In- 
sectary, a growers’ cooperative of that county, regularly j)ropagates and dis- 
tributes several million of this species annually. 

The long-tailed mealybug, Pseudococcus longispinus (Targ.), ordinarily 
not a pest of citrus, became very injurious on a few hundred acres in 1932 and 
1934 in Los Angeles County. Three different species of parasites were estab- 
lished on this pest by the University of California (Flanders, 1940). These 
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oreAnarhopus sydneyensis Timb. and Anagyrus fusciventris (Girault) from 
Australia, and Teiracnemus peregrinus Comp, from South Africa. 

There are many other species of predatory and parasitic enemies -which 
attack mealybugs in California, but their economic importance is not great 
enough to justify discussion of them here. 

Mealybug control in countries other than the United States . — ^Iii Spain, a 
great deal of experimental work in biological control has been carried out at 
the Experiment Station at Burgasot (Valencia) against Pseudococcus citri, 
and the methods developed in California for mass production of Cryptolaemus 
have successfully been put into practice on a large scale (Gomez Clemente, 
1932). 

In France, an insectarj^ was established at Mentone for the purpose of de- 
veloping this method of control, and Cryptolaemus has been successfully 
established there (Poutiers, 1922). 

A detailed study of the use of insect enemies in control of the common 
mealybug. Pseudococcus citri, has been made in Palestine and it is reported 
(Bodenheimer, 1928) that a measure of practical success has resulted. So far 
as Cryptolaemus is concerned, it is stated that the biological control of P. citri 
with C. montrousieri has, for climatic reasons, been ineffective in Palestine. 
Good results are said to have been obtained, however, by the use of Sym- 
pherobius amicus Xav., one of the brown lacewings. 

Within recent years another citrus-feeding mealybug, suspected of being 
Pseudococcus citriculus Green, has become exceedingly injurious to citrus in 
Palestine. This pest is a native of the Orient, and a project was initiated by 
the Palestinian citrus growers to introduce parasites for its control from 
J apan and China. Some material was transported to Palestine, but the project 
was interrupted by Japanese participation in the war. One report (Kivnay, 
1942) indicates that encouraging results have been obtained from these intro- 
ductions of Japanese parasites. 

For fungus parasites of mealybugs see pages 647-648, below. 

THE YELLOW SCALE 
AonidieVa citrina (Coq.) 

Ill 1924r-1925 the University of California succeeded in establishing the 
parasite Comperiella bifasciata How. (fig. 201) in the State (Compere and 
Smith, 1927). The stock from which the liberated parasites descended came 
from Japan, where they attacked a scale on Podocarpus, then thought to be 
the California red scale, Aonidiella auraniii (Mask.), but now kno-wn to be 
A. taxus Leon. Eepeated trials of this parasite on the California red scale made 
it quite evident that the Japanese parasite eould not develop successfully on 
that host. It was established in California on another species, Chrysomphalus 
bifasciculatus Ferris, on Aspidistra. Later on, in the course of experimental 
work, it was found that this J apanese parasite could develop successfully on 
the yellow scale. The ppusite was then propagated and colonized in large 
numbers in areas where the yellow scale occurred. It has been well established 
in California citrus groves since 1931. In the Redlands-San Bernardino area 
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it appears to do good work, although the use of control measures for other 
pests reduces its' efficiency. In Tulare County, where the yellow scale is in- 
creasing in se-verity, Comperiella appears to be erratic, although giving good 
control on street trees and apparently in some grove acreages. In other groves, 
trees have been almost defoliated by yellow scale although Comperiella was 
present in large numbers ; apparently, the parasite was not able to keep the 
infestation below the danger point. 

There is no doubt that Comperiella has done good work in places, but that it 
will prove generally effective on the yellow scale seems, at this time, very 
unlikely. 

Two other parasites of the yellow scale are Aphyiis chrysomphali (How.) 
and Aspidiotiphagus citrinvs (Craw.), which are practically cosmopolitan in 



Pig. 201. Comperiella iifasciata How., a parasite of tlic red and yellow seiilcs imported from 
Asia tiy the University of California. 


distribution. Although in heavy infestations, particularly on street trees, they 
sometimes destroy large numbers of yellow scale, it cannot be said that either 
is an important factor in reducing the pe.st under orchard cojulitions. 

THE RED SCALE 
Aonifliella aurantii (Mask.) 

The quest for effective enemies of the red scale by the State of California 
has been long and disappointing, dating back to the time of Koebele’s second 
trip to Australia in 1891. Koebele succeeded in establishing in California the 
Australian ladybird beetle Orcus chalybeus (Boisd.), which does good work 
in parts of Santa Barbara County but seems unable to survive in most 
other parts of the State. In California, besides 0. chalybetis, the native twice- 
stabbed ladybird Chilocorus bivwlnerus Muls. sometimes de.stroys large num- 
bers of red scale. In the Meditei'ranean region the diaspine scales of citrus 
are commonly attacked by two predators, Chilocoi'us bipnstnlatns (L.) and 
ExocKomus quadripustulatus (L.), the second of which is now established in 
northern California. 

In 1935, W. K. Roux discovered in South Africa a parasite of the red scale 
which was described by Compere (1936) as Habrolepis rovxi. This parasite 
was successfully brought into California, where insectary experiments indi- 
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cated that it.was well adapted to propagation on the red scale. Hnndreds of 
thousands were easily reared and colonized in the citrus groves. But Sabro- 
lepis proved a great disappointment. Por some unknown reason it does not 
succeed in maintaining itself on the citrus tree. The usual experience was that 
it went through a single generation on the colonized trees and then disap- 
peared. It seems evident that although Habrolepis likes the red scale as a host 
it does not like the citrus tree as a habitat, and leaves it at the first oppor- 
nity. An exception occurs in Sweetwater Valley, San Diego County, where 
the parasite has persisted for several years (Flanders, 1944). 

The parasite Comperiella bifasciata How., as previously mentioned under 
“The Yellow Scale,” was discovered by George Compere in China as a parasite 
of what he thought to be red scale. The introduction of this parasite from 
Japan and its failure to breed on the red scale in California seemed to justify 
the conclusion that the so-called red scale in China was a different species, or 
at least a distinct race, from the California form, although taxonomic spe- 
cialists could find no morphological differences. 

Several attempts were made to rear Comperiella bifasciata, already well 
established in California on the yellow scale, on the red scale. These failed 
to produce results, but it must be remembered that the breeding stock of 
C. bifasciata came from Japan on a scale infesting Podocarpus. Parasitized 
red scale from China on citrus was unavailable because of the danger of bring- 
ing in citrus canker. Various considerations, which for lack of space cannot 
be discussed here, but which the interested reader will find discussed else- 
where (Smith, 19426), made it seem essential to bring in parasitized red 
scale from China. The fear of citrus canker still prevailed, and, in order to 
avoid danger, arrangements were made with the United States Bureau of 
Entomology and Plant Quarantine to receive the material at Hoboken, ex- 
amine the plants for canker, rear out the adult parasites, and send them on 
to California. It was soon demonstrated that the Comperiella bifasciata origi- 
nating in China develops with the utmost facility on the California red scale 
(and the yellow as well) and that it is a race genetically distinct from the 
C. bifasciata originating in Japan and previously established in California on 
the yellow scale. 

Failure to establish this parasite in California during the long period 1906- 
1924 was due to (1) gaps in the available knowledge of the genetics of insect 
parasites, (2) uncertainty concerning the true identity of various scales which, 
in the Orient, were all subsumed under the name Aonidiella aurantii, (3) 
failure to appreciate that certain host plants could confer on their insect 
inhabitants an immunity to parasitization, (4) the need of exercising extreme 
care to keep dangerous plant diseases out of the State, and (5) slowness of 
transportation. 

C. bifasciata was propagated, in millions, on the red scale by the University 
of California and cooperating local insectaries. It appears to be established in 
the open, but information about its economic value in the citrus groves must 
of course await several years of field experience. 

Por fungus and bacterial diseases of red scale see pages 638 ft. and 654. 
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THE PURPLE SCALE 
Lcpidosaphes heckU 25'e\»Tn. 

This scale is almost universally attacked by the internal parasite, Aspidio- 
Hpltagus cifrvnus (Craw.), and also by numerous ladybird beetles and other 
predators throug-hout its range. In the Orient a species of Casca is also para- 
sitic in this scale. For fungus parasites of the purple scale see pages 638 ff. 

THE SPANISH BED SCALE 
Clirysompltaius Sietyospermi (Morgan) 

This scale is attacked in the Mediterranean region by Chilocorus bipus- 
iulatiis (L.) and ISTOchomiis quadripnstulatus (L.), and bjr the parasites 
Aspidiotiphagus lovnsburyi Berlesc and Paoli and Apliytis chrysomphali 
(Mercet), and in the Orient by Compcriella bifasciata How. and Chilocorus 
Imwanae Silv. (Silvestri, 192.9). 

THE SOPT BEOWN SCALE 
Coccus liespcridum Liim. 

The soft brown scale is attacked in various parts of the Avorld by, a large 
number of parasitic insects, many of which undoubtedly have followed their 
Ijost from country to eounti'y on shipments of nursery stock. As a rule, they 
keep the scale well in check. When the scale becomes numerous, it is almost 
invariably found that its abundance is due to the protection afforded by 
colonies of ants. In California, ant control will almost witliout exception rid 
citrus groves of this scale. The principal parasites attacking the soft brown 
scale hi California ai'e Goccophagus lycimnia (Walk.) , C. scutellaris (Dalm.) , 
Metaphycus hit coins (Timb.), M. slanleyi Clomp., and M. helvolns Comp. 
(Timberlake, 1 91 3 ) . 


THE CITE] COLA SCALE 
Coccus pscudouiaguoliarum (Kiraara ) 

The eitrieola scale is attacked in California by the same species of parasites 
that parasitize the soft brown scale, but against this pest they have had verj^ 
little effect. (Recently, Mtiaphycus helvolns and M. stanleyi appear to be 
attacking it heavily in some localities.) The reason for their ineffectiveness is 
that the eitrieola scale has only a single generation a year, as contrasted with 
the soft brown scale, which has several. Since the habits of the parasites are 
such that they mnst go throngh several generations a season in order to sur- 
vive in numbers, and since there are long periods of time during which the 
eitrieola scales are not of the proper size to permit parasitization, the para- 
sites are ineffective as a result of the faulty simchronization. The parasites 
are effective against the soft brown scale, which has several generations a year, 
because the generations of the parasites are nninterrnpied (Compere, 1924). 

In Japan the eitrieola scale is attacked by Coccophagus japonicus Comp., 
Aphycus orienfalis Comp.. Coccophagus yoshidae Xakayama, and Aniceius 
annulatus Timb. Some of these species have been introduced into California 
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to prey upon the citrieola scale, but, so far as is now known, none of them 
has become established (Compere, 1924). For a possible bacterial disease of 
citrieola scale see page 655. 

THE CITH.HS WHITE ELY 
Dialeurodes citri (Ashm.) 

The citrus white fly seems to be comparatively free from insect parasites. 
Woglum (1913) records an internal parasite, Prospaltella laborensis How., 
from India. The introduction of this parasite into Florida was attempted by 
the United States Department of Agriculture, without success. Silvestri 
(1927) records rearing the partite Prospaltella citrojila Silv. from this 
species in Indo-China. It is preyed upon in India by a species of Cryptognatha, 
and in Florida by various native species of ladybird beetles. For fungus 
parasites see pages 631—638. 

THE CITBUS BLACK ELY 
Aleuroeantlms woglutni Ashby 

The biological control of this important citrus pest in Cuba was begun in 
1930 by the United States Bureau of Entomology and Plant Quarantine in 
collaboration with the Cuban government (Clausen and Berry, 1932). The 
parasite Eretmocerus serius Silv., discovered by F. Silvestri (1927) while 
he was in Asia in search of parasites of tlie red scale for the University of 
California, is recorded in the litei'ature as a parasite of the citrus black fly. 
C. P. Clausen went to Malaya in 1929 and brought back, in April, 1930, citrus 
black fly parasitized by Eretmocerus. He also brought two other parasites, 
Prospaltella divergens Silv. and P. smithi Silv. The two species of Prospal- 
tella failed to become established, but Eretmocerus soon demonstrated its 
effectiveness. Infestations throughout Cuba were quickly brought under con- 
ti’ol, and later the same result was achieved in Jamaica, Panama, Haiti, and 
other countries and islands where Eretmocerus was established, mth the 
single exception of a few citrus groves at Nassau in the Bahamas. The reason 
for its failure at Nassau is not known. There was also established in Cuba the 
coceinellid predator Catana clauseni Chapin, also from Malaya. This beetle, 
like many other coccinellids, can reduce heavy infestations of its prey very 
quickly, but it is unable to Iceep the black fly at a permanent low density, its 
presence resulting rather in oscillations of the host population. 

In recent years the citrus black fly has appeared on the west coast of Mexico. 
Introduction of the parasite Eretmocerus serins seems not yet (1947) to have 
effected successful control. 


THE SPINY BLACK ELY 
Aleuroeantlms spiniferus Q. 

This insect, also a native of Malaya, was accidentally introduced into the 
citrus-growing areas of Japan and was discovered in 1922, after which time 
it increased rapidly and did serious damage. The parasite Prospaltella smithi 
Silv., found by Silvestri (1927) in Malaya, was introduced into Japan in 
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1925 from South China. According to Kuwana (1934), the introduction 
resulted in complete control of the pest. 

THE MEDITEERANEAH EBUIT ELY 
Ceraiitis capitata (Wied.) 

The Mediterranean fruit fly is attacked large numbers of parasites in its 
native habitat, Africa (Silvestri, 1914). Several of these parasites have been 
introduced into Hawaii (Pemberton and Willard, 1918a, h) and have become 
established. They are effective on small host fruits such as coffee berries, but 
not on lai’ge ones such as oranges, peaches, etc., because in the large fruits 
the larva of the fly is able to burrow beyond the reach of the parasites and 
thus is in large measure protected from attack by them. The reduction in 
fruit-fly population on wild fruits by these parasites has undoubtedly been 
of great value, however, in the protection of commercial cultures. The most 
important parasites introduced into Hawaii are Diachasma tryoni Cam., 
D. fullawayi Silv., and Tetrastichus giffardianus Silv. In the Hawaiian Islands 
the fly is also attacked by the ant Phcidole magacephala Fabr. 

THE CITBUS MITES, ACAEINA 

Several species of mites attack citrus in various parts of the world, the prin- 
cipal ones in the United States being the citrus red mite, Paratetranychus 
citri McGregor ; the six-spotted mite, Tetranychus sexmaculatus Riley ; the 
citrus bud mite, Eriophyes sheldoni Ewing; and the citrus rust mite, Phyl- 
locoptes oleworus (Ashm.). They appear to have no true parasites, but some 
are attacked by a series of predaceous insects. Among the more abundant of 
these are Gonioentzia hageni Banks, a coniopterygid ; the brown laccwings, 
belonging to the family Hemerobiidae; the green lacewings, or Chrysopidae; 
Oligota oviformis Casey, a staphylinid beetle; the coceinellid, Stethorus 
picipes Casey; Scolothrips sexmaculatus (Pergande), a predatory thrips; a 
predaceous midge, Arthrochodax occidentalis Pelt., of the family Cecidomyii- 
dae ; the bug Triphleps tristicolor Wliite, an antliocorid ; and a predatory 
mite, Seiulus sp. 

In heavy infestations these enemies of mites become very abundant and 
undoubtedly reduce in some degree the intensity of the infestation, particu- 
larly where fumigation and spras'ing are not extensively practiced. But as 
a rule, when meteorological conditions are favorable, the mites are able to 
increase so rapidly, as compared ^vith the predatory insects, that the latter 
cannot be said to be of great protective value (Quayle, 1932, 1938). For a 
fungus parasite of rust mite see pages 649-650. 

ANTS IN RELATION TO BIOLOGICAL CONTROL 

It is now generally accepted that in order to make effective use of the bio- 
logical method it is often necessary to eliminate ant infestations from the 
groves, because various species of ants which feed upon the honeydew excreted 
by certain scale insects protect them from attack by parasitic and predatory 
species. Where heavy ant infestations occur, particularly of the Argentine 
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ant, it is difScult to gain satisfactory results by the biological method, and 
disposal of the ants is therefore necessary. 

The method now practiced in CaUfomia is limited to the use of poison 
syrup.^ Briefly, the operation consists in attaching to the trunk of the tree a 
container partly filled with the syrup. The proportion of arsenical in the syrup 
is not sufficient to kill the w'orkers at once, but permits them to carry the 
poison into the nests, where they feed it to the queens and larvae, thus destroy- 
ing the colony in the nest. When this is done, the workers.gradually disappear. 

Many types of containers are now in use. One of the most satisfactory, 
which is used by the agricultural commissioner of Los Angeles County, Cali- 
fornia, is made of pressed aluminum. 

The Argentine ant is most active in the spring and fall, and those are there- 
fore the best seasons for undertaking control measures. It is desirable that 
control work be undertaken as a community project, in order to prevent re- 
infestation from surrounding areas, although the individual grower will be 
well repaid for his work even though he undertakes it independently. If the 
syrup is accurately compounded and the proper containers are used, ant 
control is not difficult. Care must be taken that the cups do not leak, permitting 
the syrup to drip on the bark, as this will cause gumming. The containers 
should be inspected regularly, and if the S3a'up becomes fouled by drowned 
ants, or from other causes, it should be replaced with a fresh supply. 

The agricultural commissioner of Los Angeles County has been successful 
in executing a large-scale community project for ant control. The campaign 
was first undertaken on 6,485 acres of citrus property. In two years’ time the 
Argentine ant appeared to have been exterminated in half this area and 
was effectively reduced in the remainder. There were 14,200 acres in the area 
under inspection, and the total cost of the campaign was .$13,567.53, or some- 
what less than $1.00 per acre. If the cost had been assessed against the infested 
property only, it would have amounted to about $2.00 per acre. In this work, 
each district exchange of the California Fruit Growers’ Exchange guaran- 
teed to the county agricultural commissioner the cost of all labor and materials 
used in that district, regardless of ownership. This is an excellent example of 
what can be accomplished in pest-control Avork with proper organization and 
cooperation (Ryan, 1928). 

‘ The iiigrodieuta of poison bait for control of the Argentine ant are 11 pints -water, % 
ounce tartaric acid, % ounce benzoate of soda, 12 pounds granulated sugar, % ounce chem- 
ically pure sodium arsenite, and 2 pounds strained honey. 

Heat the -water until lukewarm. Add the tartaric acid and stir until dissolved. Add the 
benzoate of soda and stir until dissolved. Slowly add the granulated sugar, stirring con- 
stantly until dissolved. Note the exact height of the liquid in the container, cover, and boil 
slowly for 40 minutes. At 20-minute intervals add water to equal the amount evaporated. 
To 1 pint of lukewarm water add the sodium arsenite and stir until completely dissolved; 
then add this to the syrup and stir well. Finally, stir in the honey. 
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Chapter XIII 


BIOLOGICAL CONTROL OF CITRUS INSECTS BY 
PARASITIC FUNGI AND BACTERIA 


BY 

HOWARD S. FAWCETT 

A LARGE NUMBER of fungi and at least two species of bacteria have been 
/\ described as parasitic on citrus insects. It is probable that many more 
JLX. species of bacteria, and viruses also, will eventually be found to pro- 
duce diseases in insects of citrus.* Although many of the fungi have been con- 
sidered important for partial or seasonal biological control under certain 
natural conditions, only a few have so far been used artificially as means of 
control. These few have not been depended upon for continuous satisfactory 
control except under conditions unusually favorable for the development of 
the entomogenous parasites, or where the cost for a high degree of commer- 
cial control by spraying was greater than would be justified by the increased 
returns. 

In comparison with the investigations of entomophagous parasites (insects 
parasitic on other insects) , the experimental work on entomogenous parasites 
(fungi or bacteria parasitic on insects) in relation to biological control has 
received relatively little attention, and, except for studies of a few micro- 
organisms, has hot gone much beyond observation and description. Only a 
relatively small number of wed-controlled experiments have been carried out, 
perhaps because in the recent period of extreme specialization this subject 
has become a kind of “no man’s land’’ between the entomologist’s field of 
study and that of the plant pathologist and applied mycologist. Mycologists, 
however, have in the meantime added descriptively to our knowledge of the 
occurrence and morphology of these entomogenous fungi. 

One apparent cause for neglect of the field has been the hasty generaliza- 
tion that failure to achieve outstanding results with certain fungi in initial 
trials means that there is little promise of practical results. Another is prob- 
ably the preoccupation of both entomologist and plant pathologist with prob- 
lems which they have thought more closely related to their .special fields. 

The literature on entomogenous fungi and bacteria is widely scattered. 
Fetch (1914 to 1939) has collected a large amount of information, especially 
on the taxonomic relationships of entomogenous fungi. Most of his papers 
will be found in the Transactions of the British Mycological Society from 
1921 to 1939 and in Reports of the Department of Agriculture, Peradeniya, 
Ceylon. Other sources, some of which have large bibliogi-aphies, are Parkin 

‘ Swoetman (1930) lists about 40 species of bacteria that arc generally thought to cause 
diseases in insects. Steinhaus (1940, 1942) reports abont 3,50 species of bacteria found in 
association with 300 siiecies of insects and ticks, only some of which are tliought i>arasitic. 
A. number of viruses have also been recognized as diseases of insects (Glaser, 1915, 1927 ; 
iSweetman, 1930; Balch, 1941, 1942). 
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(1906), Fawcett (1908, 1936, 1944), Soiitli (1910), Speare (1912, 1920, 
1922), Morrill and Back (1912), Eolfs and Fawcett (1913), Berger (1910, 
1912, 1921, 1932, 1942), Watson (19146), Watson and Berger (1937), Goss- 
wald (1939),Paillot (1922),Masera (1936), and Steinkaus (1940, 1942, 1946). 

A large number of fungi found on insects in general are mentioned by 
Masera (1936), and a comprehensive list of fungi found on insects in North 
America has been compiled by Charles (1941 ) . Lists of bacteria found in and 
upon insects have been compiled by Paillot (1922) and Steinhaus (1940, 
1942 19461 

’ GENERAL CONSIDERATIONS 

In biological control of insects two opposing forces of survival, already 
pointed out by Chapman (1931, 1939), come into play; (a) biotic potential, 
or inherent ability of the insect to reproduce and survive, and (b) environ- 
mental resistance, or the physical and biological factors that oppose survival. 
The parasitic fungi and bacteria constitute a part of this environmental 
resistance to insect survival, a small or large part in accordance with the 
degree of parasitism and the physical conditions influencing distribution and 
infection. Since opposing forces of biotic potential and environmental resist- 
ance are also operating on the fungi themselves, the insect’s resistance to 
infection may be considered a part of the environmental resistance for the 
fungus. Biological control of insects, especially as related to entomophagOus 
parasites, has been discussed by Smith (1929, 1935, 1939), Thompson (1930), 
and Sweetman (1936). 

GRADATION OF PARASITISM 

The gradation of parasitism, conditions influencing effectiveness, condi- 
tions influencing the saturation point, and artiflcial use in control have been 
discussed in some detail elsewhere (Fawcett, 1944). In parasitism of insects, 
as 'in that of plants, there is apparently a gradation from the strongest and 
most complete parasites down to those which are very weak and indirect. It 
is therefore unsafe to draw conclusions about the efBciency of the entomog- 
enous fungi as a whole from a few examples, such as the chinch-bug fungus, 
mo.st often referred to in publications on biological control. Four categories 
of fungus parasitism on insects may be mentioned, with examples from citrus 
insects : 

1) Parasites which propagate only on or within the body of the live insect, 
such as Sorosporella and Empusa. As soon as the insect dies, they usually 
form resistant resting bodies or spores which will propagate again only when 
they come in contact with another live insect. 

2) Fungi that are parasitic during a part of their existence, such as 
Aschersonia, Aegerita, and Nectria, which may enter and kill the insect 
when the spore or fungus mycelium comes in contact Avith the insect under 
suitable conditions, but which may also live a saprophytic existence on the 
bodies of the insects after their death. Some fungi of this second kind may 
kill the insect more rapidly and be more effective in epidemics than some of 
the obligate parasites. 
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3 ) Weak parasites, such as CephaJosporium, which appear to depend, for 
infection and pi’opagation, on a special stage or weakened condition of the 
insect. 

4) Fungi, mostly symbiotic, that are partly parasitic, such as some spe- 
cies of the genus Septobasidium, which appear to have for the most part a 
symbiotic relationship to certain scale insects (Couch, 1938), but which at 
times appear to parasitize the insects. 

A fifth category cannot be considered as parasitic at aU since the fungi 
live only as saprophytes on the bodies after the insects have died. Most of 
the species of Cladosporium, some of which are found on citrus insects, are 
thought to be of this class, although some Cladosporium species may possibly 
be semiparasitic on insects under certain conditions. 

CONDITIONS INFLUENCING EFFECTIVENESS 

Although a number of these parasitic entomogenous fungi develop, under 
favorable conditions, conspicuous pustules or sporulating structures after 
they have killed the insect by invasion of the bodies, this development of 
conspicuous evidence of their presence may be arrested by drying condi- 
tions following infection so that the insect bodies are desiccated or rendered 
unfit to support the later development of the fungus. Thus, what is often 
referred to by observers without careful microscopic examination as “natural 
mortality ” or “ unexplained mortality” may be due to early stages of fungus 
attack which is not visible even with a hand lens. Other ‘ ‘ unexplained mor- 
tality” may result from the activities of parasites which live internally and 
rarely if ever show on the exterior. 

Moisture, temperature, degree of light, mode of distribution, and nutri- 
tion of host or parasite may influence the effectiveness of these entomogenous 
fungi under natural conditions (Fawcett, 1944). 

The efficiency of fungus parasitism, lilte that of insect parasitism, can be 
increased by artificial means. Certain considerations, however, must be taken 
into account, as follows : 

.If the conditions for distribution of the fungus are such that the maximum 
number of spores infect the maximum number of insects under the prevailing 
environmental conditions, no added results can be expected from artificial 
distribution unless the conditions are changed. A relationship of this kind 
maj"^ be called the “saturation point” for insects and fungi. “Saturation” 
was probably the relationship of Beauveria globulifera with the chinch bug 
during the experiments of Billings and Glenn (1911), when no increased 
mortality resulted from distribution of additional spores. A saturation point 
might be expected most of the time from the abundance of wind-borne spores 
which such a fungus is capable of producing. 

When conditions are such that distribution is inefficient, that is, when 
distribution is retarded or remains below the “saturation point” for maxi- 
mum infection under the prevailing conditions, artificial distribution may be 
expected to increase the degree of infection. Whether a 2 ’tificial distribution 
would constitute an economical measure of control would depend, as it does 



630 Citrus Industry: Production of the Crop 

with the use of entomophagous insects, upon what degree of increase could 
be effected by this means and what its cost would be. It is believed that the 
natural distribution of a number of these fungi often lags far behind pos- 
sible infection. For example, in Florida the aphis fungus Empusa fresenii 
appears to depend for infection on contact with spores and has to wait, under 
natural conditions, for the time of insect migration. Artificial distribution 
preceding migration might be of assistance. 

CONDITIONS INFLUENCING THE “SATURATION POINT” 

It is pointed out by "Watson and Berger (1937) that in Florida after a dry 
period, or after a dry season the pi'evious year, the Aschersonia and Aegerita 
are not numerous enough to infect citrus white-fly larvae efficiently unless 
they are distributed artificially at the beginning of the summer rainy period, 
usually in June or July. 

As with insect parasites on insects, so with fungus parasites when the 
saturation point has been reached for natural infection under a given set of 
conditions, there is still some possibility of artificially manipulating or 
changing the natural conditions in order to increase infection. Changes may 
be made in humidity by overhead irrigation to increase the moisture on the 
surface of leaves or fruits for a short time, or by other devices such as the 
growing of intercrops. The latter method has been suggested in Florida for 
increasing the efficiency of the aphis fungus, Empusa fresenii (Tisdale, 1930) . 
With fungus disease on plants it is known that rapid weather changes greatly 
increase or decrease infection. 

Another possible factor is tlie increase or decrease of an insect’s suscepti- 
bility to infection by its parasite because of changed nutritional conditions 
of the host plant. See mention below (p. 654) concerning the bacterium of 
the citrus red scale (Sokoloff and Klotz, 1943). 

It must be pointed out that finding an organism generally distributed in a 
given locality does not certify that the saturation point for infection has 
been reached. This point may be reached at one season and not at another. 
Moreover, in many organisms, the fungi or bacteria of common plant and 
animal diseases, it has been shown that the amount of infection may be greatly 
increased by the nature of the inoculum. The density and size of the inoculum 
of bacteria, or the “spore load” of fungi, is of great importance in breaking 
down resistance to infection (Hoald, 1921). 

ARTIFICIAL USE IN CONTROL 

In attempts to increase the control of insects on citrus, only a few of the 
entomogenous fungi have been artificially distributed, mainly in Florida, 
and they are usually employed only as a supplementary aid. As Berger (1921 ) 
states, their use is recommended not “as a panacea but principally as an aid 
in the control of scales and white fly.” The fungi do not thrive in all kinds 
of localities, nor under all grove conditions. The methods used for distribution 
of the organisms will be mentioned under the discussion of the various species 
or groups. 
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The future possibilities of their use would seem to depend, as with respect 
to insect parasites on insects, upon (1) devising efficient, economical methods 
of spread when there is an unsaturated condition of infection ; (2) devising 
economical means of changing the emdronment on or about the plant so as 
to increase infection, that is. to shift the saturation point so that the organ- 
isms present or those being applied mas' have better conditions for infec- 
tion: and (3) changing the nutrition of the plants (and concurrently the 
nutrition of the insects) so as to make them more susceptible to infection by 
the parasitic organisms present or being applied. 

Further general considerations arc discussed by Fawcett (1944) and 
Watson (1944). 

FUNGI OF CITETJS WHITE FLIES 

At least five species of fungi occur commonly in Florida on the larvae of 
the two common species of Alenrodes, the citrus white fly and the cloudy- 
winged white fly;' and a number of others occur less frequently. The five 
species are the red Aschersonia, Aschersonia aleyrodis Webber ; the yellow 
Aschersonia, A. golcliana (S. and E.) ; the brown fungus, Aegerita wehheri 
Faw . ; the white-fringe fungus, Fusarium aleyrodis Fetch ; and the cinnamon 
fungus, Verticillium cinvamomeum Fetch. A sixth, Bporotnehum sp., has 
also been isolated from adult white flies (Faw'cett. 1908). Other, less impor- 
tant, fungi occurring on various white flies are mentioned later. It has been 
suspected that certain bacteria may also be parasitic on white flies, but no 
observations except a minor one bj'’ Watson (1913) have been reported. 

When these organisms are present in moist, shaded locations in the low 
hammocks of Florida and semitropical countries, the white flies are practically 
controlled during some years. 

Although Morrill and Back (1912) conclude that in most citrus orchards 
in Florida the natural control cannot be relied upon, they state : “There are, 
however, certain circnni.stances under which fungous parasites may be used 
to advantage. F'irst jnay be mentioned the comparatively few citiuis groves 
located in hammocks, with trees growing without regularity and with con- 
ditions such that fumigation or spraying with insecticides would he imprac- 
ticable.” 

The different conclusions reached in experiments (1) by ]\Iorrill and Back 
(1912), who found no conclu.sive evidence that mortality of white-fly larvae 
could be markedly increased by artificial distribution or by spraying with 
spores where the fungi were already present, and (2) by Berger (1910, 1921, 
1932), Avho found good evidence that it could be increased greatly by spray- 
ing spores at the proper season, may possibly be explained on the following 
assumption. Moiwill and Back probably experimented at a time when the 
“saturation point” for infection was nearly reached; Berger, probably at 
times of unsaturation or of lag in po.ssible infection for the prevailing 
conditions. 

' For scientific names of insects mentioned here by their Fnglish names see table 
49, p. C57. 
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The use of these fungi to increase natural control has been practiced chiefly 
in Florida. The principal methods developed have consisted in simply spraying 
a suspension of the spoi-es in water into trees infested with the insects. Some 
times the fungus-bearing leaves were pinned to fungus-free leaves ; at other 
times, twigs containing fungus-bearing leaves were tied into branches of trees 
that were fungus-free. The brown fungus of the white fly, Aegerita webberi 



Fig. 202. The red Aseliersonia fungus, 
J.’schcr.wnia aleyrodis, on white-fly larvae of 
nialeurodcs citri. The fungus pustules have 
a central mass of red surrounded hy ,a white 
margin over the larvae after being killed by 
the penetration of the hyphac. 


Faw. — sooir after it had been discov- 
ered and before it had spread widely, 
— ^was sometimes spread by placing 
young fungus-bearing trees so that 
their branches would intermingle 
with fungus-free branches of other 
trees. The spores to be sprayed were 
derived either from leaves containing 
numerous well-developed pustules of 
the fungi or from pure cultures con- 
taining numerous spores. The moist 
summer season, according to Berger 
(1921), was the most effective period 
for parasitizing the insects with spore 
suspensions. 

RED ASCHERSONIA 

Red AscheTsonia, A.aleyrodis Web- 
ber.'' — This fungus is parasitic on 
larvae of species of white flies in 
Florida, Brazil, the West Indies, 
South China, India, and Ceylon. It 
occurs commonly on the citrus white 
fly and the cloudy -winged white fly ; 
and has also been reported (Watson 
and Berger, 1937) on other white flies 
that occasionally infest citrus, such as 
woolly white fly, sweet potato white 
fly, and mulberry white fly in Florida, 
and citrus black fly in Cuba, Jamaica, 
and Costa Rica. It is also reported on 
the black parlatoria scale in Formosa. 


Aschersonia aleyrodis Webber forms a raised, flattened, pulvinate, red to pinkish 
buff, stromatic pustule 1 to 2 mm. in diameter on the surface of the leaf (flg. 202). 
The spores are immersed in cavities of the pustule and are about 9 to 14/j long and 
ahput 2 to 3/1 broad. 

This fungus was discovered and described by Webber (1897), who found that 
although larvae of all stages were readily attacked, the most numerous victims were 
the young. The tortuous, flexuous, intricately woven hyphae may be seen within the 


' The perfect stage is now considered to be Hypocrella libera Syd. (Fetch, 1925d). 
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body. In early stages while larvae are still alive they become swollen and appear 
to secrete more honeydew than usual. After the fungus develops internally but is 
still not visible on the exterior, the interior organs appear to contract from the 
margin. Soon afterward, a dense marginal fringe is formed by the hyphae bursting 
out from the interior around the edge of the larvae (fig. 203, B. C). The larvae die, 
it is believed, before the hyphae burst out. The visible pustule with its spores develops 
later (fig. 203, C). 

What is often referred to by entomologists as “natural” or “unexplained 
mortality” may be due to early stages of fungus growth not visible even 
under the hand lens. If conditions are such that the larvae dry completely 
too soon after death, the fungus development will be stopped before it became 
visible and thus pa.ss for “unexplained mortality.” 



I’ig. 203. Bed Asclicrsonia, A. alcyrodis, of white-fi.v larvae, iJittleiirocles citri. A, white-fly 
larva, showing dovelopmeut of tiie fiiugns; B, later development, with a fringe of hyphae 
from the margins; C, fungus pustule formed over the dead body of the larva, x 15. (After 
Webber, 1897.) 

Eed Aschersonia first apiieared in 1892. Webber, who followed its begin- 
nings with extensive observations in certain orchards at Panasoffkee, Florida, 
which had previously been severely injured by the white fly, reported (1897) a 
striking recoveiy of these same trees with the spread of this fungus. For some 
years the white flies and the accompanying sooty mold had been so bad as 
to require the washing of all fruits. With the visible spread of the fungus, 
the population of white flies was .so much reduced in three years (by 1895) 
that no fruits had to be washed. 

It was later shown (Fawcett, 1907, 1908) that this fungus could be grown 
readily in jiure cultures on sweet potato strijis. Following this, a method was 
perfected (Berger, 1910, 1921) by which large quantities of this fungus and 
the yellow Aschersonia were grown on sterilized sweet potato slices in pint 
bottles for use in artificial distribution. 

For commercial use the cultures as described by Watson (1915) are made 
on sterilized strips of sweet potatoes 3 or 4 inches long and one-half inch in 
cross section standing in one-half inch of water in wide-mouthed pint or half- 
junt bottles. Spoj’cs from clean pustules are streaked on these strips with a 
needle. Good growth appears in about 7 days and red spores in 20 to 30 days, 
and the culture is mature enough to use in about 10 days more. A culture 
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is shaken in water, which is then filtered through a cheesecloth. It is reconi' 
mended that application as a spray in Florida he made in June or July when 
the weather is rainy or moist. The cultures may be kept in storage a long time. 
At the Florida Agricultural Experiment Station these cultures have for 
many years been grown at cost for growers (Berger, 1932).* It is recom- 
mended that one pint of culture be used for each acre. 

YELLOW ASCHERSONIA 

Yellow Aschersonia, Aschersonia goldiana Sacc. and Ellis. — ^This Ascher- 
sonia was formerly identified in Florida as A. flavocitrina P. Henn., but, 
according to Fetch (1921n), is A. goldiana. It is reported on species of white 
flies in Florida, Cuba, Puerto Rico, Jamaica, Costa Rica, and Panama, and 
on an unidentified insect in Venezuela. The yellow Aschersonia appears to 
attack the cloudy -winged white fly more often than the citrus white fly, and 
has been found also on the woolly Avhite fly. As developed in pure cultures on 
sweet potato slices, this fungus and the spores have been used in Florida for 
infecting the larvae of the cloudy-winged white fly. 

It has pale yellow to whitish, circular, flattened pulvinate, stromatic pustules 
2 to 5 mm. in diameter on the leaves (fig. 202). The spore cavities appear to he less 
sunken than in Aschersonia aleyrodis and the spores are longer, about 12 to 15^ 
long and 2 to 3/i broad (Fawcett, 1908).“ 

WEBBER’S BROWN FUNGUS 

Aegerita weiheri Faw. — This fungus, the vegetative form of which was 
first discovered by Webber (1897) and the spore stage by Fawcett (1910), 
is an important parasite of the principal white flies in Florida. It has also 
been found in the West Indies, Ceylon, India, and New Zealand. It was studied 
by Fetch (1926b). It is reported on larvae of at least three different species 
of white flies — citrus white fly, cloudy-winged white fly, and woolly white fly 
in Florida, — and on citrus black fly in Cuba. 

In its sterile form It consists of a chocolate-brown compact stroma (fig. 204). 
From the margins of this stroma, there extend colorless, thick-walled byphae. Later 
in the development of the fungus (usually in the summer or fall) the hyphae at the 
margins of the stroma grow out long and colorless, extending not only over the 
under surface of the leaf but also around the edges and upon the upper surface. 
Sometimes the fungus extends down the petiole and along the stem to the next leaf, 
infecting every larva in its path. Sometimes the hyphae become very abundant and 
form silky, grayish-brown strands that almost completely cover the leaf surface. 

This fungus is, under some conditions, one of the most efilclent parasites of 
white-fly larvae. When once detached from the leaf, the sporodochia blow about on 
smooth surfaces at the slightest motion of the air, but on alighting upon another 
leaf or rough surface they tend to hold fast to it. The inflated cells of the sporodoch- 

'■ They are still being used for control of white fly in Florida, according to a letter from 
J. E. Watson, 1942. 

‘ Sirosperma Hypocrellae Syd., a superparasite on Aschersonia goldiana, was 
Identified by Fetch on pustules from Los Tegues, Venezuela. It forms a thin stroma 
ot hyphae which surrounds the parasitized pustule with a black circular patch. 




rig. 204. Webbor’s brown fungus, Aegeriia webhcri, on larvae of tbe 
citrus white fly, Dialeurodes dtri. A few lighter-colored pustules of the red 
Aschersonia, A, oXeyvodiSf on the right. About natural size. 
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ium make It light so that it blows ahont easily. It seems probable that the appendages 
may also serve to hold the sporodochia to bodies of large Insects that drag them 
from one part of the tree to another or from tree to tree (Fawcett, 1910) .* 

The discovery of this fungus and the first observation of its rapid spread 
are of special interest. In March, 1896, Webber (1897) first found it in part 
of a five-acre orchard in Manatee, Florida. He reports that millions of live 
larvae could be found at that time in trees where the fungus had not spread. 
No trace of the fungus was to be seen in adjoining orchards. By December 
the fungus had spread with surprising rapidity, and it was difficult to find 
a living specimen of white fly in the orchard. The black, sooty mold which 
had formed a covering on leaves and fruits had been washed off by rains and 
nearly all fruits were clean. New fall growth was also nearly free from larvae. 
The adjoining orchards, however, were abundantly infected with live larvae 
and the leaves and fruit were covered with black mold growing in the honey- 
dew. By the following year the fungus had spread over a radius of about 
two miles, reducing the larvae as it spread. Webber also found larvae of all 
stages infected. 

Experiments with the sporodochia of the brown fungus (Fawcett, 1910) 
drawn with a camel ’s-hair brush over white-fly larvae in August showed 
effects of the fungus in nine days, and branching hyphae were seen within the 
bodies of the larvae. In the same manner as described by Webber, the initial 
stage of the brown stroma burst through the edge of the, larvae in sixteen 
days. The typical brown pustules (fig. 204) were produced in a few weeks and 
the sporodochia in two or three months. Healthy noninoculated larvae used 
as checks remained uninjured. 

No successful method of growing this fungus in pure cultures in large 
quantities has yet been developed, but its distribution has been effected in 
various ways, such as (1) pinning pustule-bearing leaves to leaves containiag 
live white-fly larvae, (2) grinding up the pustules and stirring them in water 
to be sprayed on the trees, or (3) planting young fungus-bearing trees so 
that the leaves intermingle. If the sporodochia are abundantly developed on 
leaves, stirring the leaves in water to get the sporodochia off, and then spray- 
ing the water on trees infected with white fly, spreads the fungus readily. Of 
the effectiveness of this fungus under certain conditions, Morrill and Back 
(1912) state: “The brown fungus has been so effective in controlling white 
fly in certain low-lying hammock groves in Lee County, Florida, that it must 
be conceded this fungus has made artificial remedial measures unnecessary. 
Such groves, however, are an exception to the rule at the present time.” 

FUNGI USUALLY OF MINOR IMPORTANCE ON ALBYRODIDS 

White-fringe fungus, Fusarium aleyrodis Fetch (1921c). — This was at 
first erroneously called Microcera sp. (Fawcett, 1908). The white-fringe fun- 
gus is found commonly on larvae of the white fly in Florida. It is seen on both 

' On the brown fungus has been found a bypoparasite, Sirosphaera chlorostoma 
Fetch (1926&), which causes the pustules to appear green. The pycnidial bodies 
often form a ring around the edge of the Aegerita pustule. 
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citrus -white fly and cloudy-winged white fly, but has been reported also on 
scale insects. It is believed by some to be of major importance. 

TMs fung:us presents a fringe of delicate white hyphae growing outward from the 
edges of the larvae. These hyphae at first bear one-, two-, or three-celled conldla, 
which are oval to fusiform in shape. Afterwards, there are formed on the edge of 
the larvae plnhlsh spore masses which are made up of a compact mass of lunate 
spores. 

It is usually considered to be leas effective in its parasitism than the red or the 
yellow AscUersonia, or the brown fungus. It Is most prevalent in moist warm weather. 
The white-fringe fungma was readiiy grown in pure culture and shown experi- 
mentally to parasitize iarvae of Dialeurodes citri. "Watson (1913, 1914o) was able, 
even when fungus was already present, to double the mortality in certain experi- 
ments by spraying on spores at Gainesville, Florida. In certain culture tests in which 
mercuric chloride was used to disinfect the surfaces, Watson (1913) found that 93 
per cent of the iarvae showing a "natural mortality” had the fungus In them. 
A majority of these showed no fungus to the unaided eye. He also found this fungus 
on adult white flies and isolated the fungus from them. Among the fungus filaments 
of dead adult files were many eggs, apparently parasitized and shriveled. 

Ciniiamoii fungus, Yerticillium cinnamomeum Fetch. — This fungus, first 
seen in Florida in 1905 and studied in pure cultures by Fawcett (1908) , was 
shown to parasitize white-fly larvae. It is reported on white flies in Alabama, 
Mississippi, and Florida, and on scale insects (see p. 647) . 

In general appearance the pustules produced by the compact hyphae of this 
fungus on white-fly larvae resemble those produced by Webber’s brown fungus, but 
on close examination they are seen to be different. The cinnamon-colored pustules 
are powdery on the surface, and under the hand lens appear brushlike, bristling with 
hyphae. "When fruiting, the upright spore-bearing stalks have either simple or com- 
pound whorls of branches. 

Adult white-fly fungus. — A species of Sporotrichum producing a copious 
gro-wth of white mycelium was isolated in September, 1908, from the adult 
winged stage of white flies (Fawcett, 1908; Berger, 1909) ; it was thought 
from observation to have caused the death of a large number of them. The 
species was not identified, and no subsequent w’ork on this fungus is known. 
It is suspected of being similar to Beauveria gloiulifera. The finding of the 
white-fringe fungus, Fusarium aleyrodis, on adult white flies has previouslj’’ 
been mentioned. 

other Aschersonias or Hypocrellas on aleyrodids. — Aschersonla papillata Fetch 
(1925d), with yellow or dark honey-colored puBtules, was reported on a black aley- 
rodid on citrus in Ceylon. AscJiersonia columnifera Fetch (1921o), with pale yellow 
pustules, and A. irunn-ea Fetch (1922), with dark bro-wn pustules, though not re- 
ported on citrus, are found on aleyrodids on Ilex dahoon and on I. cassine in the 
citrus districts of Florida. AscJiersonia aristata Ell was collected by H. J. Webber 
on Lecanium sp. on red bay in Florida in 1895. 

Bypocrella turiinata, described under "Fungi of Scale Insects,” is reported on 
the citrus black fly in Fuerto Rico; Bypocrella Raci'bors'kii, on Aleurodes sp. on citrus 
in India: Bypocrella phyllogena (Mont.) Fetch, on the citrus white fly in Fuerto 
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Rico and on aleyrodids on Ilex casaine in Fiorida; and Hypocrella epiphylla (Mass.) 
Sacc., on citrus black fly in the Canal Zone. Others are Rhinotrichum album Fetch, 
reported also on Alewrodes in Ceylon, and Oladosporium sp., probably saprophytic 
on citrus white fly. See H. turblnata, H. epiphylla, and other Hypocrella on scale 
insects, p. 644. 

FUNGI OF SCALE INSECTS 

Under certain conditions of temperature, tumidity, and probably light and 
other factors, scale insects^ may be attacked by a number of different fungi. 
If conditions are unusually favorable in some low-lying localities, as in 
Florida, most of the scale-insect populations appear to remain at a low density 
level and therefore do little damage to the trees or fruit. In Brazil generally, 
as in Florida, a copious entomogenous fungus flora occurs, effecting a large 
measure of natural control of scale insects (Bitancourt and Fawcett, 1937). 
In the state of Pernambuco, however, the summer rainfall is small and irriga- 
tion must be practiced. As in California, the summers are dry and Pernam- 
buco, therefore obtains little benefit from the fungus parasites. In the higher, 
drier localities of Florida, however, or in regions exposed to wind, these 
insects become very abundant during the dry season of winter and spring 
unless the control by natural enemies is supplemented by insecticides. 

In Florida, evidence has been reported which shows that not all the increase 
of scale insects after bordeaux spraying there is due, as previously indicated 
(Fawcett, 1913; Hill, Tothers, and Miller, 1934), to the killing off of the 
fungi ; it is found that lime and other materials not considered as fungicides 
also cause large increases in purple-scale insects and spider mites.“ Several 
authors have concluded from spraying experiments that these increases can- 
not be attributed entirely to the prevention of fungus infection, but that they 
are also due to the effect of residues (Osbum and Spencer, 1938 ; Thompson, 
1935, 1938, 1942; Camp, 1943). The diversity of opinion on this subject is 
well stated by Holloway and Young (1943) : “Some believe that elimination 
of the fungi is the major factor ; others, that the inert granular residue con- 
tained in the spray is the most important factor ; and still others, that the 
increase is the result of the combination of the two factors.” These authors 
then present results of experiments in spraying, in Florida, trees on which 
purple scale occurred, which led them to conclude that “the most important 
factor causmg abnormal purple scale increase following use of fungicidal 
sprays is the inert granular residue content of the spray. ’ ’ 

In writing of conditions in California, where no known entomogenous 
fungi of purple scale occur, R. S. Woglum’ states : “I know of no references 
to scale build-up, and my own experience is that Bordeaux or sulfur coating 
does not influence scale here in California, or if it does have any influence, it 
is so small as to be of no commercial value.” 

“ For scientific names of insects mentioned by tbeir English names, see table 49 
p. 657. 

“Dusts such as lime and sprays containing zinc sulfate and copper sulfate (Hol- 
loway, Henderson, and McBurnie, 1942) also result in increases in red spider in 
California, but there appears to be no evidence that purple scale in California is 
Increased by lime or by bordeaux. 

“ Letter of December 18, 1942, to the author. 
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In interpreting the results of these experiments with residue-producing 
sprays, certain factors should he taken into account: (1) the possible effect 
of the nonfungi cidal and fungicidal materials on the tree itself; (2) the 
possible effect of the material on the nutrition and development of the insect 
in making it more resistant or susceptible to infection by the fungi ; and (3) 
the possible effect of weather or other conditions soon after the application of 
the materials on the fungus and on the insects. 

It would appear that there is a complex of possible, fluctuating factors that 
needs to be resolved by experiments utilizing controlled conditions for the 
insects, for the fungi themselves, and for the fungus-insect relationship 
before the parts played, respectively, by the deposits or residues from applied 
materials, by nutrition of the tree and thereby the nutrition of the insects, 
and by the parasitic organisms, can be definitely known. 

THE RED-HEADED SCALE FUNGI 

Two species of Sphaerostilbe are found on scale insects of citrus in North 
and South America, namely, S. aurantiicola (Berk, and Br.) Fetch and 
S. flammea Tul., and one in the Orient, 8. coccidophthora (Zimm.) Fetch. 
The first two were often called 8. coccophila in earlier publications. 

8p}iaerostilb6 aurantiicola (Berk, and Br.) Fetch. — This fungus has been 
reported on a lai’ge number of scale insects on citrus and other host plants. 
Those on citrus in North America, principally in Florida and the West Indies, 
are California red scale, Futnam’s scale, ivy scale, snow scale, Florida red 
scale, Spanish red scale, green scale, thread scale, purple scale, Glover’s scale, 
chaff scale, citeus mealybug, black scale, rufous scale, and San Jose scale. A 
previous report of the occurrence of this fungus on the two common species 
of white-fly larvae was probably a mistake. It is also foiind on scale insects 
in Brazil, Ceylon, India, Madagascar, New Guinea, Japan, Formosa, and 
Italy. It is reported on Florida red scale and California red scale in 
Argentina. 

The imperfect pustules are clavate or flattened pulvinate In form, orange-red to 
blood red. and about 2 mm. high and 0.4 to 0.6 mm. in diameter. Its perfect pustules 
(perithecia) are small, about 0.25 mm. in diameter, subglobose, smooth, orange-red 
to blood red. It appears to be one of the most prevalent fungi on scale Insects, 
especially in Florida and the West Indies. Its effect in Florida Is reported to be 
greater on the purple scale than on the red scale, the opposite of that of the pink 
fungus, Nectria diploa, which Is more effective on the red scale. 

8phaerostilbe flammea Tul. {Nectria aglaeothele B. and C.) . — This fungus 
on citrus has been reported on snow scale in Fanama and Florida and on 
various coccidae of many hosts besides citrus ; also on an unidentified scale 
insect of citrus in Australia and from imsects of other hosts in many other 
parts of the world, where it has been described under manj'^ different names 
(Fetch, 1921c). 

The red pustules or heads of the imperfect form of this fungus are conical or 
clavate, either stalked or sessile. They may attain a height of 2.5 mm., but usually 
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are much smaller. The perfect forms are crowded together on a stroma which often 
hides the scale insect. When mature, they are bright orange-red. 

Sphaerostilie coccidophthora (Zimm.) Fetch. — ^This fungus, first described 
as Nectria coccidophthora (Zimm.), was reported on black parlatoria scale 
on citrus and Lepidosaphes sp. on coffee in J ava. It was also found on a tea 
and bamboo insect in Ceylon. 

The heads of the imperfect form are orange-red or scarlet, paler toward the base, 
usually stalked, clavate, expanding into an ovoid top. They are usually 0.8 mm. 
high, but may reach a height of 1.4 mm. The subglobose heads of the perfect forms 
are scattered or clustered. They are only 0.2 to 0.3 mm. in diameter; are orange-red, 
becoming blood red; and are covered with minute yellowish-red granules. This 
species has not been recorded in North America. 



Fig. 205. The pink fungus, Nectria iiploa, on scale insects on a 
citrus twig. Twice natural size. 

NECTRIA FUNGI 

Four species of Nectria are found on scale insects of citrus. 

Nectria diploa (B. and 0.). — This fungus, called in Florida the “pink 
ftmgus,” forms pustules somewhat similar in general appearance to those 
of the red-headed fungus. Its imperfect stage (fig. 205) was known as Micro- 
cera fujikuroi Miy. and Sa. {Pseudomicrocera Henningsii (Kood) Fetch is 
also a synonym.) It appears to be effective, especially on Florida red scale, 
but has been found also on purple scale, long scale, black scale, thread scale, 
and the California red scale in Florida. It also occurs on scale insects in 
Australia and Formosa. It is reported on California red scale in Southern 
Rhodesia, and was found by the author on Florida red scale in the states of 
Sao Faulo and Bahia in Brazil. The countries in which it is found on various 
plant hosts, citrus and others, include Faraguay, Brazil, Cuba, Florida, 
Fuerto Rico, Mauritius, Ceylon, India, Java, Burma, the Philippines, For- 
mosa, Australia, and West Africa. 

The stroma are light rose color, 0.7 to 1.0 mm. broad, and develop at the base 
and over a part of the surface of the scale. The pustules or heads of the Imperfect 
form (fig. 206) are 1 to 3 to a scale, rose-colored or pink and 0.6 mm. high. The heads 
of the imperfect form are 0.4 mm. in diameter, bright red, and covered with warts. 
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Watson (1915) found it an efficient parasite on Florida red scale and was 
able to spread it experimentally. In April he placed fungus-and-insect-bear- 
ing leaves in water and dipped branches of small trees in the resulting spore 
suspension. It spread from July to November, killed every scale on the leaves, 
and spread out one-half inch or more in all directions on the leaf surface. It 
occurs also on purple scale, but with less effect than on red — just the opposite 
of what the red-headed fungus, SphaerostUhe aurantiicola, does. 

Nectria iarbata Fetch. (1921c). — This fungus Is reported on Lepidosaphes sp. on 
citrus ’in Ceylon. The peritheclal pustules are scattered over the scales with slight 
basal wefts of hyphae. They are conoid or subglobose, about 0.2 mm. in diameter 
and 0.3 mm. high, yellow-brown or dark amber in color. 

Nectria vilis (Syd.) Fetch (1925&). — This fungus has an Imperfect form known 
as Tubercularia coccicola Stev. and is the same as Nectria tiiberculariae Fetch. The 
Imperfect form is reported on snow scale and purple scale in Puerto Rico and an 
unidentified scale in Brasil. The stromatic pustules may be as much as 0.2 mm. in 
diameter, white to yellowish white, sometimes light pink. The perlthecia are burled 
in the conidlal stroma, dark red-brown or yellow-brown, and may measure as much 
as 0.12 mm. in diameter. 

THE WHITE-HEADED SCALE FUNGI 

Three species of Podonectria are found on citrus, the first two of which 
have white heads, the third, purplish brown heads. 

Podonectria coccicola (B. and E. Fetch). — This fungus has been found 
on purple scale, Glover’s scale, and chaS scale in Florida. It w'as one of the 
first entomogenous fungi noted in Florida (Hubbard, 1885). Hubbard 
referred to it as the bark fungus. By Watson and Berger (1937) and Berger 
(1942) it is thought probably to have been the main factor in reducing the 
destructiveness of Glover’s scale after that scale had been introduced into 
Florida at Mandarin and St. Augustine in the eighteen-thirties. At first, trees 
were killed back annually by severe infestations of long scale, which could 
not be controlled by any known means ; but after some years the scale was 
reduced by some unknown cause and the trees recovered ; the improvement, 
it is now believed, was due in part at least to this fungus, later reported by 
Hubbard. It is also reported in the West Indies, Ceylon, Java, Japan, and 
South America: in Japan on the purple scale, and in Japan and Argentina 
on Glover’s scale ; in Java, Queensland, and Brazil on unidentified scales. The 
fungus Schleroderris gigaspora Mass, on purple scale reported in Barbados 
is probably Podonectria coccicola, according to Fetch (1921c). 

The Imperfect form, Tetracrium coccicolum H., consists of small, white, subconical 
heads mounted on cylindrical or ovoid brown bases, forming pustules 0.5 mm. high 
and 0.4 mm. in diameter. The perfect stage possesses perithecial pustules, ovoid 
or subglobose, brown to dark brown, 0.6 mm. high and 0.4 mm. in diameter (figs. 
206 and 207). 

Podonectria aurwntii (V. Hoh) Fetch (Ophionectria tetraspora Miy. and 
Sa. ) . — ^This fungus is similar in appearance to the preceding, and is found in 
Brazil on a citrus scale and in Formosa on the black parlatoria scale. 
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Imperfect heads, rounded, somewhat depressed, globose, dark gray, about 0.5 mm. 
in diameter and 0.4 mm. high. Perfect perlthecial heads on a stroma, clustered, white, 
woolly, globose, clothed with thick-walled, woolly, fine hairs, often united into 
fascicles. 



Fig. 206. Perfect stage of the white-headed scale fungus, 
Ophionectria coccicola, on purple scale on citrus t\vig. Twice, 
natural size. 



Pig. 207. Pustule and spores of the white-headed fungus, 
Ophioneviria coccicola. A, cross section of a perfect pustule, 
showing asei or spore cases, X 80; B, ascospores, X 400; C, co- 
nidial spore, x 130. 



Pig. 208. The black fungus, Myriangiuvi duriaei, on scale in- 
sects on citrus bark. The flat black patches are the pustules of 
the fungus. About natural size. 


Podonectria echinata Fetch. — This species occurs in Ceylon on Lepidos- 
aphes sp. The imperfect lieads are similar to those of Podonectria aurantii 
described in the preceding section. 

The stromatic pustules are purple-brown, not extending far beyond the scale. 
The perlthecial heads are globose, about 0.15 mm. in diameter, pale yellow, covered 
with projecting fascicles of hyphae measuring as much as 0.2 mm. in length. 


643 


Biological Control of Citrus Insects 
LISEA FUNGUS 

Lisea parlatoria Zimm. — This has been noted on the black parlatoria scale 
on citrus leaves in Java (Fetch, 1921c). 

It has dark, globose, perlthecial heads 0.2 to 0.25 mm. high and 0.15 to 0.18 mm. 
in diameter, crowded together. The walls of the perithecia are dark violet to black 
by transmitted light. 

THE BLACK FUNGI OF SCALE INSECTS 

Three species of Myriangium constitute the black fungus on citrus scale 
insects : Myriangium duriaei Mont, and Berk, and M. floridanum Hoehn. in 
North America (Miller, 1940), and itf. montagnei 
Berk, in the Orient. 

These three fungi form black carbonaceous crusts 
on the surface of scale-infested twigs, leaves, and 
fruit. The pustules or stroma of these fungi vary in 
size to as much as 5 mm. in diameter, are black or 
purple-black and either shiny or dull (fig. 208) . 

Myriangium duriaei. — This fungus, according to 
Miller (1940), is synonymous with M. Curtisii and 
appears to be widely distributed on many kinds of 
scale insects from temperate climates to the tropics. 

In Florida and the West Indies it occurs, on citrus, 
on the purple, Glover’s, San Jose, and chaff scale; 
in Texas, on various scales, including the California 
red scale; in Argentina, on Lepidosaphes sp.; in 
Ceylon and the Philippines, on California red scale; 
and in Sao Paulo, Brazil, on an unidentified insect. 

This fungus, as designated by Fetch, also occurs 
generally in the tropics and extends into the temper- 
ate zone on insects of many hosts. It is reported that on one occasion of its use 
in Florida all the chaff scale, purple scale, and Glover's scale on citrus trees 
were killed in one and one-half years and the trees remained free for at least 
four years (Watson and Berger, 1937). 

The stroma Is black with pale Interior, flesby to gelatinous when wet, flat to 
convex, orbicular, plicate-radiate; it is 1.5 to 5 mm. in diameter, has few to many 
apothecia arising as erect processes with depressed center; and is 0.5 to 1.5 mm. in 
diameter and 0.5 to 1 mm. high (Fetch, 1924) (figs. 208 and 209). 

Myriangium floridanum Hoehn. — This species occurs on the .snow scale 
and purple scale in Florida. 

Stroma of this species are very thin, flat; indefinitely effused, following the 
contours of the bark; black externally and of light straw color Inside; apothecia 
are Isolated or crowded, sessile, elevations pulvinate, hemispheric to truncate, 0.1 
to 0.3 mm. high and 0.3 to 0.6 mm, in diameter, surface black, pulvinate, with no 
free margin. 



Pig. 209. Bl.iok fungus, 
JZi/riaiiffiiim duriaei. A, 
cross section of perfect 
stage, X 70 ; aseus with 
spores, X 350. 
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Myrumgium montagnei Berk. — ^This species occurs in New Zealand, Tas- 
mania, and Australia. It has been reported on “mussel scale” (purple scale) 
in the eastern Transvaal. 

Stroma as much as 5 mm. in diameter, pnlvinate or flattened pulvlnate, tuherculate 
at first, without free margin, dark brown, appearing tomentose, becoming black and 
more or less shining, internally pale brown, substance cheesy, not friable; apothecia 
are mostly sessile, discoid with a stout black margin and a sunken black or brown 
disk as much as 1 mm. in diameter or concave to as much as 2.5 mm. in diameter. 
In general, the apothecia are sessile. 

HYPOCRELIA. FUNGI 

The species of Hypocrella on scale insects have their imperfect stages in 
Aschersonia and are therefore related to the Aschersonia previously men- 
tioned on white-fly larvae. Two of these Hypocrella occur on aleyrodids but 
are also found on scale insects. 

Hypocrella turbinata (Berk.) Fetch (Aschersonia turbinata Berk.). — This species, 
probably the same as Aschersonia pittieri P. Henn., is known in Florida as the 
turbinate Aschersonia. Besides being reported on the citrus black fly in Puerto Blco, 
It has been found on the wax scale in Florida, Louisiana, and the Canal Zone; on 
brown scale In Louisiana; on purple scale in Florida, Louisiana, and Puerto Rico; 
on soft brown scale in Costa Rica; and on an unidentified insect on citrus in Florida 
and on the Isle of Pines. It forms white to pink stromatic pustules, becoming dark 
when old, about 1.6 mm. broad and 1 mm. high, with a truncate upper surface 
often concave. 

Hypocrella javanica (Pens, and Sacc.). — ^This Javanese Hypocrella is, according 
to Fetch (19210), the perfect stage of Aschersonia coffeae P. Henn., P. pediculoides 
P. Henn., A. eugeniae Kood, and A. suzvMi Miy. and Sa. It occurs on various scale 
insects and hosts, but is found on California red scale, on Citrus nobilis, in Japan, 
and on other hosts in Ceylon and India. The Aschersonia stage varies from cream 
to cinnamon, orange, or red brown, is hemispherical and 1 to 4 mm. In diameter. 
The perfect stage is white, hemispherical to two-thirds globose to as much as 5 mm. 
in diameter. 

Hypocrella reinehiana P. Henn. — ^This dark globose Hypocrella has Imperfect 
stages, according to Fetch (1921a), in Aschersonia marginata E. and E., A. sclerot- 
ioides P. Henn., and A. pisiformis Pat. As Hypocrella it is reported in Ceylon and 
Formosa on Lecanium and Parlatoria scales. As Aschersonia marginata it is reported 
in Madagascar and Queensland, and as A. sclerotioides in the Philippines. The 
pustules are hemispherical or two-thirds globose and may measure as much as 
4 mm. in diameter, at first pale or buff, becoming slate-colored and finally black. 

Hypocrella epiphylla (Mass.) Sacc. — ^The Aschersonia stage is Aschersonia 
cubensis Beck, and Cust. It occurs on citrus in Florida on the wax scale, brown 
scale, purple scale, and hemispherical scale. On other host plants, it is found in 
Ceylon, Trinidad, St. Vincent, Cuba, Brazil, and Peru. As Aschersonia cubensis it 
has been reported on citrus black fly in the Canal Zone. 

Perfect-stage pustules are subhemispherical or two-thirds globose, buff or reddish 
brown, and may be as much as 2 mm. in diameter. Aschersonia-etage pustules are 
white or buff or reddish brown, 1 to 4 mm. in diameter. The Aschersonia stage of 
this fungus was grown in pure culture by Berger in 1920 in Florida. 



Biological Control of Citrus Insects 


645 


CBPHAliOSPORIUM FUNGUS 

Cephdlosporium lecanii Zimm. — ^This fungus is reported in Florida (Wat- 
son and Berger, 1937) as an eifeetive parasite on pyriform scale. On citrus 
there, it also occurs on brown scale and hemispherical scale ; also on certain 
scale insects of mango, magnolia, palm, and a pine. In Florida and the West 
Indies, it occurs on the green scale and the cottony cushion scale ; in Ceylon, 
on the green scale ; and in Puerto Rieo, on wax scale, brown scale, black scale, 
hemispherical scale, and nigra scale. It has been reported in British Guiana, 
Brazil, and New Zealand. In Argentina it is reported on the scale insects of 
olive and other plants. 

Around and over the scale insects a white or pale yellow powdery bloom appears, 
caused by the numerous minute heads or clusters of spores. In Brazil this fungus' 
is reported as an effective parasite of green scale on coffee plants: it destroys all 
the internal parts, Including the eggs. 

Two methods of spreading the fungus are used in the State of SS.o Paulo: (1) 
heavily shaded branches affected with the fungus are placed in coffee plants infested 
with the scale; or (2) the infested plants are sprayed with a heavy suspension of 
fungus spores. 

Other species of Cepludosporkim reported on citrus insects are Cephalo- 
sporium (Acrostalagmus) coccidicolum Guiguen on a Pulvinaria sp. in Ar- 
gentina, Cephcdosporium longisporum Fetch on a cottony cushion scale in 
Ceylon, and C. eoceorum Fetch on brown scale in Italy. 

■TSARIA" FUNGUS OF BLACK SCALE 

In moist seasons in California near the eoast, a white, delicate, powdery 
fungus frequently appears underneath and on the edges of black-scale larvae. 
In Santa Barbara County, when natural conditions are favorable, it appears 
to lull the black scale, more or less. This fungus has been known as “Isaria,” 
though no true Isaria stage has been noted. It may be similar to Beauvaria 
glohuliferum. It sometimes appears to attack the young under the scale cov- 
ering. Isaria does not appear to thrive more than a few miles from the coast, 
and even there it appears to be an uncertain and variable factor. 

In experiments by Quayle'and Tylor (1915) with cultures of Isaria in a 
moist chamber in the laboratory or in the field, a fair proportion of the scales 
were killed, but when attempts were made to disseminate the fungus arti- 
ficially under natural conditions in the field the results were wholly negative. 

An Isaria sp. is also reported on black scale from North Carolina and Vir- 
ginia (Charles, 1941). 


CLADOBOTRYUM FUNGUS 

Cladobotryum heterocladum (Penz.) Fetch (1932) as occurring on the 
brown scale in Italy was described by Fenzig as V erticillium heterocladum. 
The Cladobotryum fungus differs from the Florida fungus. Its branches 

* According to Viegas (1939), the name of the fungus should be YerticilUum lecanii 
(Zimm.) Viegas. 
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as checks, another nonparasitic species of the Aspergillus flavus-oryzae group 
with similar growing habits. The insects remained alive in the cheek cultures 
although they were in constant contact with the same amount of fungus 
mycelium and spores as were those in contact with the parasitic species of 
Aspergillus. 

Aspergillus parasiticus Speare was shown by Speare (1912) to be highly 
parasitic on the sugar-cane mealybugs in Hawaii, killing young, freshly 
hatched insects even more readily than older ones. A fungus not distinguish- 
able from Aspergillus parasiticus was reported by Johnston (1915) in Puerto 
Rico on a sugar-cane mealybug. 

ENTOMOPHTHORA FUNGUS AND OTHER FUNGI 

Entomophthora fumosa Speare. — ^This fungus is considered (Speare, 
1922) to be one of the chief factors, especially during periods of summer 
rains, in the natural control of the citrus mealybug in Florida. The disease 
is recognized in its early stage by a mUky-white liquid which emerges from 
the crushed insect bodies. Spherical thin-walled “hyphal bodies” are seen 
in the liquid under the microscope. 

The mealybugs are “enveloped in a dark slate-gray covering,” giving 
the name “fumosa” (smoky). Sometimes they are jet black and semiglisten- 
ing. Very thick-walled, smoky-colored resting spores are formed internally. 
These probably tide the fungus over unfavorable periofds. 

Other fungi on mealybugs of citrus are Empusa fresenii and E. lecami, 
reported below under the “Aphid Fungi,” and Sphaerostilbe auranticola, 
reported above under “Fungi of Scale Insects.” 

APHID FUNGI 
EMPUSA SPECIES 

Species of Empusa are among those which are highly parasitic on various 
insects.* One of the well-known species is Empusa muscae Cohn, the cause of 
the so-called “frosted flies.” Another species, E, chromaphides Burger and 
Swain (1918), was reported on about 88 per cent of the walnut aphis during 
one season. At least three species are reported on citrus insects: Empusa 
fresenii Now., E. sphaerosperma (Fres.) Thax., and E. lecanii Zimm., the 
last one attacking a noncitrus aphid, a citrus scale insect, and a mealybug. 

Empusa freseim Now. — This fungus is reported to be the chief factor, 
under certain conditions, in the control of the spirea aphid on citrus in 
Florida. The fungus also occurs on the black citrus aphid, on aphids on 
Tephrosia in West Africa, and on the sugar-cane aphid in the Philippines. 
Insects killed by the fungus are attached to the leaf solely by their proboscis 
and appear as if standing on their heads. The abdomen and thorax become 
coated with tan-colored to light smoky brown glistening spores. The interior 
body material is almost replaced by fungus. Affected insects at flrst show a 
yellowish color over thorax and fore abdomen. The proboscis turns dark. 
After death, the insects change from yellow through light brown to a ripe olive 


^ For scientific names of Insects mentioned see table 49, p. 657. 
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color. The production of spores gives a tan to smoky color to the body, which 
glistens in the sunlight. Parasitism is favored by warm, humid weather. A 
colony of aphids is destroyed in a few days after the fungus attack. The spores 
are not wind-borne, but depend for infection on the migration of the insects ; 
in Florida, migration was found to extend as much as 500 yards. Epidemics 
start with the beginning of this migrating period (Gilbert and Kuntz, 1926 ; 
Kuntz, 1926, 1928; Tisdale, 1929, 1930). Overwintering zygospores have 
been found. 

Empusa sphaerosperma (Fres.) Thax. — This Empitsa has been reported on 
the potato leaf hopper, an insect sometimes attacking citrus. It is also reported 
on many noncitms insects, as, for example, the clover-leaf weevil and alfalfa 
weevil in California, and the potato orchid in Florida. It has been reported 
by Vasseleiv (19141 to have caused the death of 60 to 70 per cent of a popula- 
tion of grain beetles. It also occurs on fire worm (Sawyer, 1933) and on 
Plutella (TJUyett and Sehonken, 1940). 

The fungus appears white, varying to bright pea green externally. In cages, the 
surface of larvae may become covered with a yellowish, translucent coating, with 
globules of spores on hairs. Resting spores are hyaline, spherical, and very slightly 
yellowish. 

Empusa lecanii Zimm. — ^This fungus, although reported on sugar-cane 
aphid in the Philippines, also occurs on two citrus insects, the citrus mealy- 
bug in Louisiana and the green scale in Ceylon, South India, and Java 
(Petch, 1926c). 

The fungus on the green scale causes it to become first white, then grayish in 
color. In the white stage the body of the insect is filled with colorless cells. The 
gray stage is produced by the germinating of the spherical cells and their production 
of short hyphae. In the Philippines, experiments showed that the fungus killed 80 
to 95 per cent of sugar-cane aphis in experimental cages. 

Many other species of Empusa attack insects not common to citrus. See also 
Acrostalagmus aphidum and Cladosporium aphid/is. 

FUNGI OF MITES 

Speare and Yothers (1924) state that in Florida, annually since 1912, 
the citrus rust mite^ has been observed to disappear as if by magic sometime 
after the beginning of the rainy season, which is usually late in June or early 
in July. By the middle of September it has been difficult to find a single mite 
present where they have been abundant before. 

The dead mites had fungus filaments protruding from their bodies. Fungus 
hyphae were found inside mites that were sluggish in their movements. So 
far as is known, this fungus has not been identified, nor has its relation to 
the death of mites been determined by experimental tests. 

Charles (1940) has described the fungus Bhinotrichum depauperatum, 
found on the avocado red mite in Florida, on Piaropus crassipes (Mart.) 


^ For scientific names of insects mentioned see table 49, p. 657. 
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Britton. This fungus consisted of an effuse, eohwehby, white to pale gray 
mycelium in which the mites were enmeshed. The mites were killed experimen- 
tally in eighteen hours when exposed to this fungus. Fetch (1940) described 
a new species of Empusa, E. acaridda, which gives the undersurface and sides 
of the red-legged earth mite a yellowish-brown color, owing to the presence 
of a mass of hyphae bodies just below the cuticle. This identifies the infected 
mites, since normally they have jet black bodies. Fetch (1944) also describes 
Empusa acaridis on a mite, Pergamasus crassipes L., in Norfolk, England. 
The question arises, May the citrus rust-mite fungus be something of this 
nature? 


MISCELLANEOUS FUNGI OP CITRUS INSECTS 

SPICARIA FUNGI 

The genus Spicaria has been discussed by Fetch (1925c). 

Spicaria javanica Bally. — This fungus, on cottony cushion scale,' forms a 
delicate grayish-lavender powdery growth, similar to Botrytis, in Florida and 
Puerto Rico. It is also reported in Ceylon on a Ceroplastes, green scale, and 
cottony cushion scale, and on a caterpillar. 

In Florida, Watson and Berger (1937) report that it is very effective when 
weather conditions are warm and moist, but does not keep insects completely 
in check without the vedalia. In Puerto Rico, Wolcott and Sein (1933) 
reported that this fungus so completely killed the cottony cushion scale on 
citrus in orchards well protected by hills and bamboo windbreaks that none 
was seen for at least seven years or during the time of observation. At other 
places, however, with less perfect windbreaks, it was not effective. 

This fungus forms loose white masses covering the insect. The conldlophores 
are hyaline, branched above, with branches In whorls. Lateral branches are short, 
branching again and bearing 2 to 4 flask-shaped spores at their apices. 

Spicaria rileyi (Pari.) Charles.— This fungus, formerly known as Botrytis 
rileyi, is found on the caterpillar of velvet bean, which is an important cover 
crop of citrus. 

It is a pale greenish-blue fungus. The attacked caterpillar becomes flaccid and 
ceases feeding in 3 days. The anterior part of the body is raised at an angle of 45“ 
as the caterpillar dies. Only a day later, the spores mature In great numbers. It 
attacks all insects alike. Resistance seems to be lowered by relatively cool weather. 
Watson (1916) reports epidemics In September or October in Florida, where only 
a fraction of one per cent escaped at the end of a week. Wolcott and Martorell (1940) 
report an epidemic in which the fungus was very effective in killing all of the last 
Instars on velvet-bean plants in Puerto Rico. 

Spicaria heliothis Charles. — ^This species is reported on the corn earworm 
that is sometimes a pest of citrus, especially in South Africa. 

According to Charles (1938), this fungus Is often not evident externally, but 
sometimes emerges and forms a cobwebby mass. Pupae may frequently be found 


' For scientific names of insects mentioned by English names see table 49, p. 657. 
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encased in a smootli, white, mycelial sheath. The bodies of the insects contain a 
mass of tightly packed mycelia which causes nearly complete obliteration of all 
organs except the alimentary canal. 

SOROSPORBLLA PtINGTJS ON CUTWORM 

Sorospoi'ella uvella (Krass.) 6d. — ^TMs fungus is reported on the corn 
earworm, an insect sometimes found on citrus. It completes its entire de- 
velopment in the body of its host, producing no growth externally. As Speare 
points out: “While the majority of mycologists are likely to overlook these 
fungi through lack of familiarity with insects and their habits, it is equally 



Rig. 210. SorosporeUa ■uvella, an internal parasitic fungus on cutworm. A, larva jSlled 
with spore masses, x 1.2 ; B, spore masses, x 120; C, portion of a spore mass, x 253. (After 
Speare, 1917.) 

true that their ignorance of mycology usually led entomologists to give them 
at best scant attention even when their presence is evident.” 

According to Speare, there are produced within the blood of the insect certain 
yeastlike bodies called blastocysts, which are carried in the circulation to all parts 
of the body. The yeastlike cells produce an early vegetative state in the development 
of the fungus. Cutworms showing no external sign disclose, when broken open, 
a brick-red powdery mass in the larval sheU (fig. 210, A). This consists of “spherical 
or subspherical, somewhat reddish-colored, moderately thick-walled cells, the resting 
spores” (fig. 210, B, C ) . Experiments by Speare (1920) show the high infectivity of the 
spores on vigorous larvae. 


TORRUBIBLLA FUNGI 

Torruliella lecanii Johnston. — This fungus has vivid, yellow, erect, conical 
perithecia and is reported on hemispherical scale in Cuba and Puerto Bico. 

Torruhiella, ruhra Pat. and Lagli. — ^This fungus' has purplish red pere- 
thecia. It has been found on an unidentified insect on citrus from Venezuela 


Identified by C. L. Shear. 
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in association mth Aschersonia goldiana and Sirosperma Hyprocrellae Syd. 
On other hosts it is reported from Ecuador and Chile. 


PBGIOTRICHTTM FUNGUS 

Pegiotrickum saccarinum Eaw. — This fungus^ was found by the author 
on an unidentified scale on citrus at Yicosa, Brazil. The colorless spores are 
borne on tips of short stalks at the base of bundles of erect hyphae. 


ACROSTALAGMUS FUNGI 


Acrostdlagmus albus Pr. — ^This fungus is reported on brown scale on citrus 
in northern Italy. It consists of a woolly, white or slightly yellowish covering 
over the insect. It is somewhat similar in general growth to Cephcdosporium 
leccmii. 

Acrostdlagmus aphidum Oud. — This species has been reported on the 
citrus-inhabiting aphids, cotton aphid, green peach aphid in Florida, and 
black citrus aphid in the Dominican Republic. (See Fetch, 19255 ; Marchi- 

onatto, 1941ffl.) khinotrichum fungus 


Bhinotrichum album Fetch. — ^According to Fetch (1931), this fungus is 
the same as Sonatorrhodiella coccorum Fetch. It is reported on brown scale, 
green scale, species of Aleyrodids, and species of leaf hoppers in Ceylon. It 
forms on the scale a loose white pile of mycelium consisting of rigid erect 
stalks or conidiophores, and the mycelium spreads out on the leaf. (See Bhi- 
notrichum depauperatum, under “Fungi of Mites.”) 


METAREHIZrUM FUNGUS 

Metarrhmum anisopliae (Metsch.) Sor. — This fungus, producing numer- 
ous powdery, wind-borne spores, is called green muscardine. On citrus, it is 
reported on one of the May beetles in Puerto Eico (Stevenson, 1918). It is 
related to the Penidllium, and in North America has been identified on more 
than sixty species of insects, mostly beetles. It has been gro^vn in pure culture, 
and the spores have been applied with a dusting machine in order to start 
epidemics earlier than they would otherwise occur. Borer (1913) in Trinidad 
found that distribution of this fungus early in the season increased the 
mortality of the insect known as “sugar-cane froghopper.” In Puerto Rico, 
however, Stevenson concluded that its artificial distribution did not practi- 
cally increase the mortality of the May beetle. 

CLADOSPORIUM FUNGI 

It is doubtful whether species of Cladosporium as found on insects are to 
be accounted more than a saprophyte or, at most, a weeik parasite. Glado- 
sporium aphidis Thuem. has been reported on cotton aphid in California and 
Puerto Rico ; on spirea aphid in California; on green peach aphid in Puerto 
Rico ; and on cottony cushion scale in Mississippi. Cladosporium herbarum 
(Pers.) Lk. has also been reported on the last-named insect in Louisiana, and 
on red scale. Unidentified forms are reported on the cottony cushion scale. 


’ Identified by C. L. Shear. 
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California red scale, and citrus wLite fly. Watson (19146) reported a Clado- 
sporium on 80 per cent of a population of woolly white fly. 

BACTERIAL PARASITES OP INSECTS 

A large number of bacteria have been reported in association with insects 
(Paillot, 1922; Steinhaus, 1942, 1946), and certain of these have been shown 
to cause deflnite diseases in insects of various kinds. The foul brood of bees 
caused by Bacillus larvae White and a honeybee disease produced by Bacillus 
alvei Cheshire and Cheyne are well-known examples. Other examples are a 
disease of hornworm’^ on tomato and tobacco, caused by Bacillus spingidis 
White ; a disease of the June beetle, by Micrococcus nigrofaciens Northrup 
(1914) ; and septicemia of cutworms, by Proteus noctuarum (White) Bergey. 

Recently a bacterium causing the milky disease in Japanese beetle has been 
investigated by White and Dutky (1940) and found to be effective in pro- 
ducing a high insect mortality. The causal organisms are two species of a 
spore-producing bacterium, Bacillus popUliae and B. lentimorbus, described 
by Dutky (1940). The relationship to the disease has been shown by inocu- 
lating several thousand healthy larvae. When healthy larvae come in contact 
with the dead larvae left in the soil they contract the disease, and a high 
mortality results. It has been found feasible to spread the disease artificially 
by means of spore dust derived from dead larvae. One and one-half million 
larvae have been used in producing more than 25,000 pounds of spore dust. 
Diseased adults average about five hundred million spores each, but larvae 
average about two billion spores each (Langford, Vincent, and Cory, 1942). 
It has recently been found that the adults, when actively migrating, carry 
the organism while in the process of becoming diseased ; it is therefore sug- 
gested that adults be collected, inoculated, and liberated to spread the disease. 

Another example is a rod-shaped bacterium causing a disease of epidemic 
proportions on the omniverous looper on avocados in San Diego County, 
California. Insects were readily killed by inoculations with pure cultures by 
spraying, rubbing, or injecting the insecte.° 

It is possible that a number of bacterial species on citrus insects will eventu- 
ally be found to play a considerable part in natural control.’ 

Only two bacterial diseases of citrus insects have so far come to the author’s 
attention : a disease of the citrus mealybug in Russia, and a disease of the 
California red scale in California. 

BACTERIAL DISEASE OF MEALYBUG 

The citrus mealybug was found by Pospelov (1936)* to be infected by a 
red bacterium, identified as Bacterium prodigiosum, which was isolated and 
shown experimentally to be vindent for several species of Pseudococcus. 

* For scientific names of insects mentioned by tbeir English names see table 49, 
p. 667. 

“ Unpublished work by Ira Ayres and D. F. Palmer. 

’ The possibility of finding bacterial diseases which may limit citrus Insects has 
been voiced by several authors (Morrill and Back, 1912; and Fawcett, 1936, 1944). 

* Referred to by Steinhaus (1942) , p. 133. 



651 


Citrus Industry: Production of the Crop 


BACTERIAL DISEASE OF THE RED SCALE 

A spore-forming bacterium, designated as Bacillus C,' has been found 
capable, under certain conditions, of killing California red scale (SokolofE 
and Klotz, 1942). If ive except the mealybug bacterium, this is, so far as is 
yet Imown, the first report of a scale insect infected with a disease-producing 
bacterium. 

Bacillus C is a large (6 by 1%/t) gram-positive motile rod, which forms 
spores in the equatorial position. Its motility is usually lost after a few days 
of growth on ordinary media. It grows singly, in twos end to end, and in chains 
of four or more. 

Under laboratory conditions, lemon fruits heavily infested with red scale 
which were immersed in a suspension of Bacillus C for two to four hours 
developed several days later a mortality that was high when compared with 
immersion in the same medium free from this bacterium. In some seasons in 
past 3 'ears, especially during or following moist weather, the red scale has 
been noted to have a verj”^ high mortality from some hitherto unknown cause. 
One of these epidemics was reported by Ebeling in 1934, and fungi isolated 
by L. J. Klotz were suspected to be one of the factors at that time. It is believed 
now that this high mortality may have been caused by the Bacillus C. It is 
possible that this bacterium is in part the cause of epidemics of this kind 
when conditions are suitable for its abundant multiplication and spread to 
the insects. In preliminary field trials on trees sprayed with suspensions of 
bacteria or dusted with mixtures of spores and clay (SokolofE and Klotz, 
1942), the mortality of adult females was twice that of the corresponding 
checks. In time the difference between the sprayed and unsprayed trees dis- 
appeared. A species of bacterium apparently the same as the one introduced 
was recovered in cultures from 90 per cent of the recently killed insects 
tested. 

Since the death of the scale in these experiments. is found to be accompanied 
by a significant decrease of soluble-nitrate content, it is postulated that the 
lethal effect of the bacillus is accompanied by nitrate reduction to nitrite 
inside the insect. This is further indicated by the fact that certain red .scales 
raised on sago palm or on detached lemons and grapefruit were found on 
analysis to have only a trace of nitrate and were resistant, while those raised 
under natural conditions had a greater nitrate content and proved to be 
susceptible. Moreover, when the scales were raised on sago palm which had 
been given abundant nitrate, the scales increased in nitrate content and be- 
came susceptible to the bacterium (SokolofE and Klotz, 1943). 

Previous observations on unusual red-scale mortality have been reported. 
As already mentioned, in California in 1934 the red scale was reduced by 

‘N. R. Smith, quoted In a letter from B. A. Steinhaus to L. J. Klotz, finds the 
organism to he a strain of Bacillus cereus and states; "It does reduce nitrates to 
nitrites vigorously in ordinary nutrient broth, hut that is not unusual tor this species.” 
Steinhaus states : “Bacillus cereus is a very common soil organism and is known to 
cause disease in several insects.” 
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some natural means to a very small population. It is now suspected that 
Bacillus C may have been one of the main factors in this natural epidemic 
in the orchards. 

A hea^’y mortality of citricola scale was also noted by Quayle (1938) in 
California. He states; “Mortality occurred to an unprecedented extent in 
the more mature scales in the winter and early spring of 1934. Control work 
. . . was practically entirely omitted in 1934, 1935, and 1936. No such condi- 
tion approaching this had occurred since citricola scale became a pest of 
citrus more than 20 years previous.” The author’ expressed at that time the 
possibility that the disease epidemic on red scale might be due to the activity 
of some bacterial organism. 

A similar mortality and reduction of red scale in Palestine is reported by 
Carmin (1936). He states that in January, 1931, a high natural mortality of 
red scale was found even where no control measures had been used. Young as 
well as older scales shriveled and turned a dirty violet color, and the scale 
for that season appeared to be well controlled by some natural means. Three 
kinds of fungi, two species of Aspergillus and a Cladosporium, were men- 
tioned as having a possible relation to this mortality, but the relationship was 
uncertain. It is stated that the scale at that time was not a serious pest in 
older orchards with hea-^y shade and well protected from winds. 

The red scale in Guam was reported to be effectively suppressed in 1927,“ 
presumably by a fungus, the identity of which was not reported. This fungus, 
it is further stated, was successfully established in the island at places where 
it had not formerly been evident. It is possible that here, as elsewhere, a 
bacterium may have been present. 

SUMMARY AND DISCUSSION 

I have either briefly described or listed sixty -three fungi and two bacteria 
considered to be parasitic or semiparasitic on citrus insects, principally on 
the scale insects and white-fly larvae: thirteen are on various white flies; 
thirty-eight on scale insects; six on mealybugs; four on aphis; and eight on 
other citrus insects. 

Some of these occur in more than one of these groujis. Some of the fungi 
appear to produce serious epidemics, others to occur only occasionally and 
sporadically. 

Some of these fungi appear to be specific obligate parasites, going into a 
resting stage as soon as the insect dies, whereas others may live part of their 
life in and on the insects and part of the time may live saprophytieally. Some 
have been seen to penetrate quickly into the body of healthy insects, produce 
abundant mycelium, and then perfect their fruiting stages after the insect 
has been killed. This is indeed the manner in which most parasitic fungi 
develop their life histories in attacking living plants. There is first the pene- 
tration of live cells, the development of hyphae and mycelium, and then the 

* Letter from H. S. Fawcett to T. Petch on sending him some dead California red 
scale, December 5, 1934. 

‘ Ann. Kept, of Guam Exper. Sta. for 1927. 
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perfection of the fruiting stages in or on the dead part killed by the parasite. 
Some of these entomogcnous fungi appear to be important in bringing about 
a certain degree of natural control which in favorable, special situations 
amounts to satisfactory commercial control. Others are of only minor im- 
portance, and still others are of doubtful value and may be little more than 
saprophytes. Some of these, especially the fungi on larvae of Dialeurodes, 
or on white flies in conditions such as obtain in Florida, have been spread 
artificially to increase their efficiency at certain seasons of lag. It has been 
pointed out, however, from certain recent observations, that the efficiency of 
entomogcnous fungi as controlling purple scale cannot be fairly judged 
under conditions of phenomenal increase of this scale when trees are sprayed 
with bordeaux mixture or other residue-depositing fungicides. Other factors, 
which likewise make conditions more favorable for the scales, appear to 
account for a considerable part of this increase. 

Much further research is needed in this phase of biological control of 
insects, a phase which has been badly neglected, possibly because mycologists 
and plant pathologists have considered it to be somewhat outside their fleld 
and because economic entomologists are busy with insect parasites and are 
usually not familiar with the fungi or in a position to take up the investiga- 
tion. Also, there appears to have been in the past a tendency among economic 
entomologists to judge the possibilities by the failure of some experiments to 
show a high degree of control. The failure to attain increased mortality by 
artificial distribution of the chinch-bug fungus, Beauvaria gloiulifera, has 
often been cited as an example of what may be expected from entomogcnous 
fungi. It has been pointed out above that this result might have been expected 
from a fungus of this kind, which has many hosts and which produces such 
an abundance of wind-borne spores that it may become widespread and reach 
a “saturation point” under almost all conditions suitable for infection. The 
negative result from experiments with this fungus is not necessarily a cri- 
terion by which to judge possibilities with others. More attention has recently 
been directed to this subject by reason of the success scored against the milky 
disease of the Japanese beetle (Beard, 1945). 

What is needed is to determine more definitely not only the role which 
these entomogcnous fungi and bacteria play in natural control, but also to 
explore further the possibilities of increasing their efficiency by artificial 
spread in situations where the ‘ ‘ saturation point ’ ’ is not reached under natu- 
ral conditions. It is also important to determine how far the li m i tiTig factors 
for infection may be changed economically in the direction of greater control. 

Much attention is being given to the discovery, introduction, and artificial 
spreading of entomophagous insects and to finding ways of increasing their 
efficiency. The comparatively few that have afforded control have justified 
this large effort. Greater attention should be directed to exploring the possi- 
bilities with similar work on various insect-destroying fungi and bacteria, 
and possibly on insect-destroying viruses. More cooperative research by plant 
pathologists and entomologists should yield important results in this largely 
unexplored field. 
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TABLE 49 

CouMOK Names, with Scientific EQTnvALENTs, of the 
Insects and Mites Mentioned 


alfalfa weevil 

avocado red mite 

black citrus aphid 

black-headed flreworm. . 
black parlatoria scale . . 

black scale 

black thread scale 

California red scale 

chaff scale 

chinch bug 

citrlcola scale 

cltrophilus mealybug. . . 

citrus black fly 

citrus mealybug 

citrus red mite 

citrus rust mite 

citrus white fly 

cloudy-winged white fly 

clover-leaf weevil 

corn earworm 

cotton aphid 

cottony cushion scale . . 
dlctyospermum scale. . . 

Florida red scale 

Florida wax scale 

froghopper 

Glover's scale 

grain beetle 

green peach aphid 

green scale 

hemispherical scale. . . . 
hornworm' of tobacco . . . 
hornworm of tomato . . . 
inconspicuous white fly. 

ivy scale 

Japanese beetle 

June beetle 

long scale 

May beetle 

May beetles 

mealybug destroyer 

Mexican mealybug 

mulberry white fly 

nigra scale 

obscure scale 


Hypera postica (Gyll.) 

Paratetranychus yothersi (McG.) 

Toxoptera aurantiae Fonsc. 

Rhopobota naevana (Bnm.) 

Parlatoria zieyphus (Lucas) 

Baissetia oleae (Bern.) 

Ischnaspis longirostris (Sign.) 

Aonidiella aurantii (Mask.) 

Parlatoria pergandii Comst. 

Blissus leucopterus (Say) 

. . Coccus pseudomagnoliarum (Kuw.) 

Pseudococcus gahani Green 

Aleurocantiius woglumi Ashby 

Pseudococcus citri (Risso) 

Paratetranychus citri (McG.) 

. , . .Phyllocoptmta oleivorus (Ashm.) 

Dialeurodes citri (Ashm.) 

Dialeurodes citrifolli (Morg.) 

Hypera punctata (F.) 

Eeliothis armigera (Hbn.) 

Aphis gossypii Glov. 

Icerya purchasi Mask. 

Ohrysomphalus dictyospermi (Morg.) 

Ohrysomphalus ficus Ashm. 

Oeroplastes fioridensis Comst. 

Tomaspis varia (Fabr.) 

Lepidosaphes gloverii (Pack.) 

Anisoplia austriaca Hbst. 

Myzus persicae (Sulz.) 

Coccus viridis (Green) 

Baissetia hemisphaerica (Targ.) 

Protoparce sexta (Johan.) 

■ Protoparce quinguemaculata (Haw.) 

Bemisia inconspieua (Quaint.) 

Aspidiotus hederae (Vallot) 

Popillia japonica Newm. 

( Serica fimbriata Lee. 
( Berica alternata Lee. 

Lepidosaphes gloverii Pack. 

Phyllophaga citri Smyth 

Phyllophaga (Lachnosterna) sp. 

Oryptolaemus montrouzieri Muls. 

Phenaooccus gossypii T. and C. 

Tetraleurodes mori (Quaint.) 

Baissetia nigra (Nletn.) 

.. .Ohrysomphalus obscurus (Comst.) 
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omnivorous looper 

oyster-shell scale 

potato leaf hopper 

potato aphid 

purple scale 

Putnam scale 

pyriform scale 

red-legged earth mite 

rufous scale 

San Jose scale 

snow scale 

soft hrown scale 

Spanish red scale 

spirea aphid 

sugar-cane aphis 

sugar-cane froghopper 

sugar-cane mealybug 

sweet-potato white fly 

redalia 

velvet-bean caterpillar 

walnut aphid 

wax scale 

western spotted cucumber beetle 
woolly white fly 


BabuloiLes caberata Guenee 

Lepidosaphes ulmi (Linn.) 

Empoasca fabae (Harr.) 

Maorosiphum solanifoKi (Ashm.) 

Lepidosaphes beckii (Newm.) 

Aspidiotus ancylus (Putn.) 

. . .Protopulvinaria pyriformis (Ckll.) 

Halotydeus destructor (Tucker) 

Selenaspidus articulatus (Morg.) 

.Aspidiotus perniciosus Comst. 

Ohionaspis citri Comst. 

Coccus hesperidum Linn. 

.Ohrysomphalus dictyospermi (Morg.) 

Aphis spireacola (Patch) 

Aphis sacchari Zehnt 

Tomaspis saccharina Dist. 

Pseudococcus boninsis (Kuw.) (gray) 
Trionymus sacchari (Ckll.) (pink) 

Bemisia inconspicua (Quaint.) 

Rodolia cardinalis (Muls.) 

Anticarsia gemmatilis (Hbn.) 

Ohromaphis juglandicola (Kith.) 

Oeroplastes fioridensis (Comst.) 

Diabrotica soror (Lee.) 

Aleurothrixus hoioardi (Quaint.) 
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Chapter XIV 


INSECTS AND MITES AND THEIR CONTROL 


BY 

ALFRED M. BOYCE 

C ITRUS INSECTS and mites' have demanded attention from growers and 
entomologists since the beginning of citrus culture in the United States. 
Because the pests are harmful to trees and fruit, pest-control measures 
have been essential to the growing of healthy trees and sound fruit. Eequisite 
studies on the biology and control of citrus pests throughout the years have 
contributed materially to the development of principles and practices of pest 
control in general. 

That citrus pests are important to the citrus industry has been recognized 
for more than half a century ; and within that time pest control has made its 
chief advances, in parallel with the growth of the industry in the United States. 
The citrus tree, having year-round foliage and flourishing in a mild climate, 
is especially liable to attacks by pests ; and the same conditions make control 
difiBcult : the pest population is nearly always on the increase, and because the 
trees lack a winter period of dormancy many of the otherwise effective insecti- 
cides cannot he used. Besides their harmful effects on the tree itself, which are 
continuous from one year to the next, several of the pests affect the quantity 
and quality of each year ’s crop of fruit. While different standards of fruit 
quality are recognized in different countries, the highest quality, at least in 
California, is invariably associated with the most successful pest-control 
practice. 

In the broader field of economic entomology, measures taken to reduce dam- 
age by citrus pests have had very important results in the achievements of 
biological control, in the development of petroleum oil sprays, in tree fumiga- 
tion, plant quarantine, insect eradication, studies of insect resistance to insecti- 
cides, and improvements in the machinery for applying insecticides. 

One of the early pests of citrus in California was the cottony cushion scale, 
I eery a purchasi Mask., from Australia ; and the success that was attained with 
the introduction of its enemy the vedalia, Bodolia card/inalis (Muls.), also 
from Australia, gave a strong impetus to the general development of biological 
control. Later, the citrophilus mealybug. Pseudococcus gahani Green, and the 
black scale, Saissetia oleae (Bern.), on citrus in the coastal areas particularly, 
were likewise controlled by the introduction of natural enemies. 

Petroleum oil in the form of kerosene was used against citrus insects in 
Florida as early as 1865. Tests were made with the same material against 
the cottony cushion scale and other scale insects in California in the early 

' For a general reference on this subject see H. J. Quayle, Insects of Citrus and 
Other Subtropical Fruits (Comstock Pub. Co., Inc., Ithaca, N.Y., 1938; 683 pp.), 
and for reference to current conditions of citrus pests and recommendations tor 
control in California see the California Fruit Growers’ Exchange Pest Control Cir- 
cular, issued monthly. 
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’eighties. Distillates and other types of petroleum oils later came into use. 
Developments have continued, and it has been against citrus scale pests that 
some of the most important advances have been made in the use of petroleum 
oil sprays. 

Orchard or tree fumigation "was first tried as a protection against citrus 
pests, and "with few exceptions this important method of pest control has been 
employed, and further developed, exclusively for the protection of citrus trees. 
Here again, the cottony cushion scale was the insect combated, occasioning 
the first use of hydrocyanic acid as a fumigant. 

The cottony cushion scale likewise occasioned early recognition of the value 
of plant quarantine. Citrus growers in southern California sustained severe 
losses from the activities of this insect, and hence pressed for legislation to 
prevent the introduction of other injurious species. Once a pest is established 
in a new country, the toll it takes from the grower, either in the form of direct 
loss by reason of the damage it does or in the cost of control measures, may 
continue indefinitely. Hence it is important to consider the feasibility of at- 
tempting eradication of a potentially serious introduced pest as soon as it is 
found in another country or region. Here again, it is in connection with citrus 
culture that some of the most extensive and successful eradication campaigns 
have been conducted. The eradication of the Mediterranean fruit fly, Ceratitis 
capitata (Wied.), and of a bacterial disease, the citrus canker, Pseudomonas 
citri Hasse, in Florida, represent the outstanding achievements under this 
category. Another notable example is the eradication of the citrus white fly, 
Dialeurodes citri (Ashm.), in California. 

Of the problems confronting entomologists in recent years, one of the most 
perplexing has resulted from the fact that successful control for a pest may 
be developed and found satisfactory for a time, but later becomes less effective. 
For example, of scale insects attacking citrus trees in southern California, 
three which formerly were well controlled by hydrocyanic acid fumigation 
have become so tolerant to fumigation, in some of the affected areas, as to neces- 
sitate other methods of control. Equally striking is the relatively recent devel- 
opment of resistance of the citrus thrips, Scirtothrips citri (Moult.) , to tartar 
emetic. 

Finally, citrus pest control has necessitated the development of special 
equipment and methods for applying insecticides. Covering the tree with a 
tent and liberating a gas beneath, as in fumigation, is practical because the 
citrus tree is of medium size and compact growth, and is always in leaf. For 
about fifty years, the fumigation tents were pulled over the trees by hand ; 
but mechanical tent pullers have been devised which now are in general use. 
With the machine, 75 or more trees can he covered in an hour. In spraying 
citrus 'trees for control of scale insects and mites the modern large-capacity, 
high-pressure, mobile spray equipment includes a hydraulically operated tele- 
scoping mast which supports a platform for the “tower spraymen.” The 
“towers” may usually be extended to a maximum height of 26 to 30 feet 
above the ground, and may readily be adjusted by the spraymen to the height 
necessary for satisfactory spray coverage of the tops of citrus trees. 
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Another mechanical aid, the boom, is rapidly coming into use. From 6 to 34 
spray nozzles — the number depends on the design — are mounted on a vertical 
or near-vertical boom in such a way that they mechanically oscillate hori- 
zontally, vertically, or with a circular motion while discharging spray ma- 
terial. Boom application is satisfactory where thorough spray coverage of 
the inside of the tree is not so essential. 

Formerly, the usual machine for applying dusts to trees delivered a rela- 
tively small volume of air at high velocity through one or two small tubular 
outlets which were manipulated by hand. The machine now generally used 
for dusting citrus trees delivers a large volume of air at a relatively low 
velocity through two “fishtails,” fixed in their position on the duster, which 
direct the material uniformly against two tree rows, to right and left, as the 
machine moves slowly along between them. A modification of this machine 
consists of fixed spray nozzles in the fishtail outlets, and a spray tank and 
pump. This machine, which is known as a “spray duster,” can apply either 
liquid or dust, separately or in combination. When only liquid is used, as 
small a quantity as 20 gallons of spray mixture to an acre can be applied, the 
spray being well distributed on the outer portions of the tree by the blast of 
air from the machine. 

It is a recognized characteristic of insects as a group of animals that they 
succeed in adapting themselves to their surroundings, or in changing their 
habits to meet new conditions. The pests of citrus trees are no exception, 
and some of their adaptations account for the fact that new control problems 
are continually arising. Some have already been referred to ; and there are 
others scarcely less important. The citrus red mite, or red spider, Para- 
tetranychus citri (McG.), was formerly controlled satisfactorily by sulfur, 
applied either in the form of a dust or a spray, but sulfur is no longer relied 
upon as a satisfactory control material. In recent years this mite has become 
a serious pest in citrus-growing areas in certain interior valley sections of 
California, as at Riverside and Redlands ; but whether this represents a cyclic 
or a permanent condition remains to be determined. The citrus thrips is now 
a more serious threat to lemon orchards than formerly, and occurs over a 
wider range of climatic conditions. Another species, the greenhouse thrips, 
Heliothrips haemorrhoidalis Bouche, until recently a minor pest on citrus 
trees in California, has become persistent in a certain area in San Diego and 
Ventura counties. The pink scavenger worm, Pyroderces rileyi (Wals.), a 
typical scavenger species only occasionally found on oranges prior to 1940, 
has become of importance as a pest on Valencia oranges in Orange County, 
California. The orange tortrix, Argyrotaenia citrana (Fern.) , is another Cali- 
fornia citrus pest that has become more widely distributed and more injurious 
in the decade under discussion. Pests that appear as new to a particular area 
are not so common as formerly, because of the effectiveness of the quarantine 
service, but occasionally a new pest makes its appearance either through 
accidental introduction or as a native insect that becomes established on a 
new host. In 1937, a fairly widespread occurrence of the citrus bud mite, 
Aceria sheldoni (EAving), was reported in California, but how or whence it 
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came is not yet known. It was determined as a pest on citrus in Australia 
soon after it w-as found in California. 

The examples given above will serve to illustrate why the citrus grower, 
at least in California, is still confronted with problems in citrus pest con- 
trol. Succeeding generations of citrus growers in this State are paying more 
and more attention to pests that affect adversely their trees and crops. 

GEOGRAPHICAL DISTRIBUTION OP CITRUS PESTS 

Two factors chiefly determine the range over which insects become per- 
manently established, namely, food and climate. Their ways of distributing 
themselves depend upon their own powers of movement and a variety of 
external factors such as wind, birds, other insects, and man in his cultural 
operations within an orchard or through commerce between distant places. 
Since most of the present areas of commercial citrus production are rather 
remote from the area ■where the citrus tree is native, the pests likewise have 
become widely distributed from their native habitat. Introduced pests are 
often the most serious menaces because in a new environment the biological 
equilibrium established through a long period of time is likely to be upset. 
The equilibrium may be regained if it is dependent upon some factor that 
can be transferred from the old environment to the new one : examples are 
represented by the introduction of insect enemies to control the cottony 
cushion scale, Icerya purchasi Mask., the citrophilus mealybug. Pseudococcus 
gahani Green, and the black scale, Saissetia oleae (Bern.). (See chap, xii.) 

The concentration of citrus plantings in well-defined areas in different 
parts of the world has supplied conditions favorable to the food supply of 
insect pests. Although the range in climatic conditions where commercial 
citrus culture is practiced may not appear great, the variation is sufficient 
to effect sharply the establishment of many of the pests. If the climatic con- 
ditions under which citrus is grown in different parts of the world may be 
divided as arid, semiarid, and humid, the .species of citrus insects may be 
roughly grouped by the same conditions. In fact, only a relatively small 
number of citrus insects and mites may be considered important in both 
a semiarid and a humid climate. The purple scale, Lepidosaphes hecbH 
(Newm.). and the citrus red mite, P amt etrany elms citri (McG.), are inter- 
esting examples of an insect and a mite that are important in citrus-growing 
areas of both semiarid Califoi-nia and humid Florida. Nevertheless, in Cali- 
fornia both species appear to be restricted to conditions of climate within 
particular areas ; the purple scale is more narrowly limited than the citrus 
red mite. In southern California there are more or less contiguous plantings 
of citrus from the coast to sixty or seventy miles inland, yet the purple scale 
gradually diminishes as a pest until it disappears completely at a distance of 
thirty or forty miles from the coast. Possibly the sixty years of its establish- 
ment in California has not been a long enough time to fix the final range of 
this insect. The citrus red mite is an important pe.st in all semiarid citrus 
localities in southern California ; it does not occur, however, in the semiarid 
citrus localities in the central part of the State. 
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The distribution of several other important pests of citrus trees is ap- 
parently governed by the variation in climate within the California citrus 
areas. Some of them are even restricted in distribution to parts of a single 
county. The black scale and the citrus red mite, for example, are serious 
pests in those parts of Eiverside County where most of the citrus is grown, 
but in another part, the Coachella Valley desert area, these same pests are 
not recorded on citrus. It is true that these represent wide differences in 
climatic conditions, chiefly the variation in maximum and minimum tempera- 
tures and rainfall. If evidence of the relationships between climatic condi- 
tions and insect pests were available in only one county, the possibility of 
other, unknown, factors might not be ignored. But evidence is available in 
many places throughout the California citrus area. To follow the black scale 
further, it is not a pest on citrus trees in Tulare County, where summer 
temperatures are appreciably higher than in those parts of Eiverside County 
where it flourishes but not so high as in the desert area where the insect does 
not exist on citrus. However, in Tulare County the black scale occurs as an 
important pest on the more favored host, the olive, which grows in close 
proximity to citrus. It has thus had opportunity to reach the citrus trees ; 
in fact, it is sometimes found on citrus trees adjoining heavily infested olive 
trees ; but it has not become a pest, apparently because of the unfavorable 
climatic conditions and the slightly less favorable host plant. The citricola 
scale. Coccus pseudomagnoliarum (Kuw.), thrives under the climatic condi- 
tions obtaining in Tulare County, but it does not occur in the coastal area 
of southern California. The citrus thrips, Scirtothrips citri (Moult.), is also 
for the most part limited to the same general conditions, while several of the 
species of mites and the aphids of citrus trees thrive best in a more nearly 
coastal climate. 

THE MOEB IMPOETANT PESTS OP CITEUS 
IN DIPPEEENT PAETS OP THE WOELD 

The distribution of citrus pests in different parts of the world may be 
indicated by listing some of the more common and important species that 
occur in different countries. It is not feasible to attempt to list all the species 
that are known to occur on citrus. The list presented here is, of course, open 
to objections and criticisms, because the relative importance of the species 
may not be based on clear-eiit distinctions, and different criteria may have 
been employed by different persons in arriving at their conclusions. Addi- 
tions to the list are probable. 

The order of importance should be expected to change from time to time. 
Por example, it is to be noted that in California the black scale, Saisseiia 
oleae (Bern.), is now much less important than it was ten years ago, when 
it was the major pest of citrus. The principal reasons for its present status 
are the effectiveness of imported parasites in attacking it, and the general 
use of rigorous pest-control measures necessitated by the increased im- 
portance of red scale, Aonidiella aurantii (Mask.), in many localities, and 
of the citrus bud mite, Aceria sheldoni (Ewing), in others. Where control 
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methods are extensively practiced, the amount of money expended in com- 
bating the different species is a reasonably safe criterion, provided due recog- 
nition is given to the fact that a single treatment is often effective in the 
control of several species. With these shortcomings in mind, the following 
list is presented. 

THE MORE IMPORTANT INSECTS AND MITES INJURIOUS TO CITRUS 


COMMON NAME CaUTOBNIA SCIENTIFIC NAME 

California red scale Aonidiella aurantii (Mask.) 

Citrus red mite Paratetranychus citri (McG.) 

Citrus bud mite Aceria sheldoni (Ewing) 

Purple scale Lepidosaphes beekii (Newm.) 

Black scale Saissetia oleae (Bern.) 

Citrus thrips Scirtothrips citri (Moult.) 

Citrlcola scale Coccus pseudotnagnoliantm (Kuw.) 

Green citrus aphid .Aphis spiraecola Patch 

Melon aphid Aphis gossypii Glov. 

Orange tortrix Argyrotaenia citrana (Pern.) 

Citrus mealybug Pseudococcus citri (Risso) 

Baker mealybug Pseudococcus maritimus (Bhrh.) 

Long-tailed mealybug Pseudococcus adonidum (Linn.) 

Citrophilus mealybug Pseudococcus gahani Green 

Aeizona 

Citrus thrips Scirtothrips citri (Moult.) 


Texas 


Citrus rust mite PhyXlocoptruta oleivora (Ashm.) 

Texas citrus mite Anychus clarki McG. 

California red scale Aonidiella aurantii (Mask.) 

Florida red scale Chrysomphalus ficus Ashm. 

Fire ant Solenopsis xyloni var. maniosa Wheeler 


Purple scale 

Citrus rust mite 

Citrus red mite (Purple mite) 

Florida red scale 

Citrus white fly 

Cloudy-winged white fly 

Six-spotted mite 

Citrus mealybug 

Green citrus aphid 


Florida 

Lepidosaphes beckii (Newm.) 

Phyllocoptruta oleivora (Ashm.) 

Paratetranychus citri (McG.) 

Chrysomphalus ficus Ashm. 

Dialeurodes citri (Ashm.) 

Dialeurodes citrifolii (Morg.) 

Tetranychus sexmaculatas Riley 

Pseudococcus citri (Risso) 

Aphis spiraecola Patch 


Mexico and Central America 


Florida red scale Chrysomphalus ficus Ashm. 

Purple scale Lepidosaphes beckii (Newm.) 

California red scale Aonidiella aurantii (Mask.) 

Rufous scale Selenaspidus articulatus (Morg.) 

Citrus black fly Aleurocanthus woglumi Asbby 

Mexican fruit fly Anastrepha ludens (Loew) 
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COMMON NAME SCIENTIFIC NAME 

Citrus rust mite Phyllocoptruta oleivora (Ashm.) 

Leaf-cutting ants Atta species 


Purple scale 

Florida red scale 

Mediterranean red scale . 

California red scale 

Rufous scale 

Snow scale 

Delta scale 

Citrus rust mite 

South American fruit fly 
Mediterranean fruit fly. . 

Black citrus aphid 

Leaf-cutting ants 


South America 

Lepidosaphes ieokii (Newm.) 

Chrysomphalus flats Ashm. 

Chrysomphalus dictyospermi (Morg.) 

Aonidiella aurantii (Mask.) 

Selenaspidis articulaUis (Morg.) 

Chionaspis citri Comst. 

Lecanium deltae Lizer 

Phyllocoptruta oleivora (Ashm.) 

Anastrepha fraterculus (Wied.) 

Ceratitis capitata (Wied.) 

Aphis citricidus (Kirk.) 

Atta species 


Mediterranean red scale 

Purple scale 

Citrus mealybug 

Glover’s scale 

Black parlatoria scale. . . 
Black scale 


Spain 

Chrysomphalus dictyospermi (Morg.) 

Lepidosaphes beckii (Newm.) 

Pseudococcus citri (Risso) 

Lepidosaphes gloverii (Pack.) 

Parlatoria zizyphus (Lucas) 

Saissetia oleae (Bern.) 


Italy and Nobth Africa 


Mediterranean red scale Chrysomphalus dictyospermi (Morg.) 

Purple scale Lepidosaphes beckii (Newm.) 

Citrus mealybug Pseudococcus citri (Risso) 

Black parlatoria scale Parlatoria zizyphus (Lucas) 

Black scale Saissetia oleae (Bern.) 

Ivy scale Aspidiotus hederae (Vallot) 


Egypt and Palestine 

Florida red scale (Black scale) 

California red scale 

Purple scale 

Hibiscus mealybug 

Citrus mealybug 

Florida wax scale 

Chaff scale 


. . . Chrysomphalus flcus Ashm. 
. .Aonidiella aurantii (Mask.) 
Lepidosaphes beckii (Newm.) 

. .Phenacoccus hirsutus Green 
. . .Pseudococcus citri (Risso) 

. Ceroplastes floridensis Comst. 
, . .Parlatoria pergandii Covxat. 


South Afbica 

California red scale 

South African citrus thrips 

Soft (or: Soft brown) scale 

Bollworm 

False codling moth 

Florida red scale (Circular purple scale) 

Purple scale (Mussel scale) 

Black citrus aphid 

Citrus mealybug 


. .Aonidiella aurantii (Mask.) 

. . . Scirtothrips aurantii Faure 

Coccus hesperidum Linn. 

. . . .Heliothis armigera (Hbn.) 
.Argyroploce leucotreta Meyr. 
. . . Chrysomphalus flcus Ashm. 
Lepidosaphes beckii (Newm.) 

. .Toxoptera aurantii (Fonsc.) 
. . .Pseudococcus citri (Risso) 
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COMMOJT NAME South Africa {Gontinned) scientific name 

Mediterranean fruit fly Oeratitis capitata (Wied.) 

Natal fruit fly Pterandrus rosa (Ksh.) 

Citrus snout beetle Seiobius granosus Fahr. 


California red scale 

White wax scale 

Snow scale (White louse) . 
Black scale (Brown scale) . 
Soft (or; Soft brown) scale 

Dicky rice weevil 

Bronze orange bug 


Australia 

Aonidiella aurantii (Mask.) 

Ceroplastes destructor -Newst. 

Chionaspis citri Comst. 

Baissetia oleae (Bern.) 

Coccus Tiesperidum, Linn. 

Maleuterpes phytolymus Olliff 

Rhoecocoris sulciventris Stahl. 


Tropical Asia 


Purple scale Lepidosaphes beckii (Newm.) 

Snow scale Chionaspis citri Comst. 

Black parlatoria scale Parlatoria zizyphus (Lucas) 

Chaff scale Parlatoria pergandii Comst. 

California red scale Aonidiella aurantii (Mask.) 

Pulvinaria scale Pulvinaria polygonata Ckll. 

Green coffee scale Coccus viridis (Green) 

Orange spiny white fly Aleurocanthus spiniferus (Quaint.) 

Citrus psylla Riaphorina citri Kuway 

Hypomeces squamosus Fah. 

Citrus leaf miner Phylloonistis citrella Staint. 

Moth borer Citripestis sagittiferella Moore 

Citrus bark borer Agrilus occipitalis Esch. 

Lemon butterfly Papilio demoleus Linn. 

Formosan fruit fly Chaetodacus ferrugineus var. dmsalis Hendel 

China 

Citrus leaf miner Phylloonistis citrella Staint. 

Citrus trunk borer Melanauster chinensis Forst. 

Black parlatoria scale Parlatoria zizyphus (Lucas) 

Red wax scale Ceroplastes rubens Mask. 

Orange spiny white fly Aleurocanthus spiniferus (Quaint.) 

Cottony cushion scale leery a purchasi Mask. 

Black and red leaf miner Throscoryssa citri Maulik 

Citrus stlnkbug Rhynchocorts humeralis Thunb. 

Citrus leaf caterpillar Papilio polytes Linn. 

Black citrus aphid Aphis dtricidus (Kirk.) 

Japan 

Yanone scale Prontaspis yanonensis (Kuw.) 

Red wax scale Ceroplastes rubens Mask. 

Orange pulvinaria scale Pulvinaria aurantii Ckll. 

Chaff scale Parlatoria pergandii Comst. 

Aspidistra scale Pinnaspis aspidistrae (Sign.) 

Glover's scale Lepidosaphes gloverii (Pack.) 

Orange spiny white fly Aleurocanthus spiniferus (Quaint.) 

Marlatt white fly Aleurolobus marlatti (Quaint.) 

Citrus leaf miner Phyllocnistis citrella Staint. 
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GEOUPS OF INSECTS AND MITES 

The insects and mites discussed in the following pages represent most of 
the commoner and more important ones that attack citrus trees. All that are 
mentioned cause injury in one or more of the commercial citrus regions of 
the world. Many species not mentioned may occasionally he important either 
in localized or general areas. The arrangement here followed is to group the 
pests in accordance with the general manner in which they attack the tree. 


Group I: Those that suck the plant juices from the tree and (or) its 
fruit, some of which species sear the surface of the foliage and (or) 
fruit, such as mites, thrips, scale insects, mealybugs, white flies, aphids, 

and plant bugs pp. 673-741 

Group II: Those that chew and consume foliage and (or) fruit or 
chew into the fruit superficially, such as gi'asshoppers, larvae of moths, 

beetles, and snails pp. 742-755 

Group III : Those that feed entirely within the fruit, such as larvae 

of fruit flies and the false codling moth PP. 755-762 

Group IV: Those that bore into woody parts of the tree or mine (tun- 
nel) in the bark or leaves, such as the citrus trunk borer, citrus bark ' 

miner, and the citrus leaf miner pp. 762-765 

Group V: Those species of ants which injure the tree by feeding on 
it, or by interfering with the work of beneficial Insect enemies of citrus 
pests pp. 766-769 


Information on control of the different species is given in connection with 
the discussion of each. However, further details on control, that is, on mate- 
rials and the methods of applying them, are given further on (pp. 769-802). 
The details of control methods are given primarily for conditions in Cali- 
fornia. General comments are made on control in other regions; but not 
detailed directions, mainly because pest control in certain regions and coun- 
tries is so complex as to require extended discussion, and because of the 
differences in economic conditions in various countries. 

Even for one citrus-growing region, such as California, certain details of 
control that are applicable at present may not be entirely applicable a short 
time hence. Nevertheless, it is worth while to record specific directions for 
control as practiced at a particular time (here, 1948) for a particular region, 
such as California, where in one county alone the cost of the materials used 
against citrus pests, and of applying them, is more than $1,500,000 annually, 
and, in the State, more than $5,000,000 annually. Certain species are dis- 
cussed only briefly, and control methods for them are not given, although 
they are more or less important pests, because none may be practiced in the 
countries where the pests occur. 

Geotjp I 

Mites, p. 674; thrips, p. 686; scale insects, p. 697; mealybugs, p. 728; 
white flies, p. 731; psyllids, p. 734; aphids, p. 735; leaf hoppei’s, p. 738 ; plant 
bugs, p. 739 ; and fruit-piercing moths, p. 741, that cause injury by sucking 
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the plant juices from the tree and (or) its fruit, some of which species soar 
the surface of foliage and (or) fruit. 

MITES 

Mites are among the more important pests of citrus in the United States, 
but not in the Mediterranean region. South Africa, and Australia. The citrus 
rust mite, Phyllocoptruta oleivora (Ashm.), is the most injurious member 
of this group in Florida and other Gulf states, while the citrus red mite, 
Paratetranychus citri (McG.), is the ranking species in California. Mites 
occur chiefly in the coastal or near-coastal areas of California ; in fact, none 
of the important species discussed here are even known to occur in interior 
sections such as the Coachella, Imperial, San Joaquin, and Sacramento 
vallej'S. 

Citrus Rust Mite, Phyllocoptruta oleivora (Ashm. ) 

Of mites which attack citrus throughout the world, the citrus rust mite is 
the most widely distributed species. (For general discussion of this mite see 
Yothers and Mason, 1930. ) It is the most important of all the mites attacking 
citrus in Florida and the other Gulf states. It ranks second in importance 
as a pest of citrus in Florida, and first in Texas. A slight attack of the rust 
mite in Florida results in a grade of fruit known as ‘ ‘ golden. ’ ’ When a severe 
attack occurs on young fruit, a “black russet” develops. When the rust mite 
injury is excessive on young grapefruit, it develops into what is known as 
“shark skin.” In California, the rust mite has sporadically caused damage 
on lemons and oranges in several coastal localities. However, during the past 
few years infestations have persisted in these localities. It more often occurs 
on the lemons, producing a characteristic silvery effect ; and hence it is known 
locally as the “silver mite” (fig. 211). It is of some importance in Queens- 
land, where its work results in dark-brown oranges which are called “Maori” 
oranges, the mite itself being known as the “Maori mite.” It occurs also in 
the East Indies, Mexico, Central and South America, Hawaii, the Philippines, 
China, and Japan. 

The list of preferred host plants, in the order of severity of infestation, is, 
according to Yothers and Mason (1930) : (1) lemon, (2) lime, (3) citron, 
(4) grapefruit, (5) sweet orange, (6) sour orange, (7) tangerine, (8) 
satsuma. 

Life history . — The eggs occur on the fruits, usually in the pits or depres- 
sions and also on the leaves. They are semitransparent or pale transluscent 
yellow, and spherical in shape. About 30 eggs are laid by each individual, 
and they require from three to seven days to hatch. There are four develop- 
mental stages, and the period from egg to adult is about seven to fourteen 
days, depending on the temperature. The adult mite is about 1/200 inch long, 
wormlike in shape and yellowish in color (fig. 212). It has two pairs of short 
legs at its fore end and a pair of lobes on the last segment of its body. Par- 
thenogenetic reproduction must occur, since males have not been recorded. 
This mite lives superficially on the fruit, leaves, and green twigs, in contrast 
to the closely related citrus bud mite, which inhabits protected locations. In 
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Fig. 211. Oranges {above) and lemons {below) showing 
typical injury caused by citrus rust mite, Fhyllocoptruta 
oleivora (Ashm.). In each group, uninjured fruit {lower 
right) is included for comparison. 
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Fig. 212. Citrus rust mitCj Fhylloooptrata oleivora (Ashm.). T>, dorsal side; S, left side; 
F, ventral view; GM, male genitalia; GF, female genitalia; ES, detail of skin on side; 
F, featherclaw; LA, left foreleg; SA, left side of anterior section more or less turned 
ventrad. (After Keif er.) 

Florida, the citrus rust mite is present on the citrus tree throughout the year 
and is most numerous in June and early July, least in January and February. 

Control . — Sulfur is-the principal material everywhere relied upon for con- 
trol of the citrus rust mite. In Florida, from three to six applications annu- 
ally are usually needed for satisfactory control. The sulfur may be applied 
as dust, as wettable sulfur at a dosage of 5 to 10 pounds plus either liquid 
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lime sulfur at 1 to gallons or dry lime sulfur at 3 to 8 poiinds per 100 
gallons of water, or as wettable sulfur at 5 to 10 pounds per 100 gallons in 
combination with certain materials needed for other purposes. The dosage 
of the various sulfur preparations and their use together is varied in accord- 
ance with the season and for other reasons. (See section on Florida spray- 
and-dust schedule, p. 798 below.) 

In Texas, the usual practice is to dust with sulfur at thirty-day intervals 
during April, May, and June, using from 40 to 60 pounds per acre for each 
application (Friend, 1946). When control is necessary in California, either 
sulfur dust at a dosage of 50 to 75 pounds per acre, or 1^2 gallons of lime sul- 
fur plus 4 to- 8 pounds of wettable sulfur per 100 gallons of -water, is used. In 
this State there is hazard of injury from sulfur when high temperatures occur 
w’ithin several weeks after the treatment. 

Petroleum oil sprays as used for control of other pests on citrus afford but 
temporary control of this mite. 

CiTEUS Bud Mite, Aceria sheldoni (Ewing) 

The citrus bud mite is a species that was first recognized as a pest of citrus 
in Ventura County, California, in 1937. (For general discussion of this mite 
see Boyce and Korsmeier, 1941, and Boj'ce, Korsmeier. and Persing, 1942. ) 
About the same time, it was found in Santa Barbara, Los Angeles, Orange, 
and San Diego counties, and several years later in Eiverside County. Prob- 
ably the species also occurs in New South Wales and in the Hawaiian Islands. 
Its place of origin is at present unaccounted for. 

The citrus bud mite occurs in protected situations, as within the buds and 
developing blossoms and under the calyx of the fruits. The injuiy it causes, 
which differs from that caused by other species of mites that attack citrus 
trees, consists in deformities of the twigs, leaves, blossoms, and fruits and in 
multiple bud formation (figs. 213, 214) . This mite has not been found on hosts 
other than citrus, and, of the citrus species, it markedly prefers the lemon. 

Life history . — The eggs are white, nearly spherical, and only about 1/500 
inch in diameter. They are deposited in the protected places where the mites 
occur, and hatch in from two to six days (the lower the temperature, the 
longer the incubation period). There are four developmental stages. The 
period from egg to adult is about ten days in summer and twenty to thirty 
days in winter. The full-gi’own mite is about 1/150 inch long, wormlike in 
shape, and light yellowish or pinkish in color (fig. 215) . 

Control . — The most satisfactory material for control of this mite is a spray 
of light-medium oil, at a dosage of 1% to 2 per cent. Heavier grades of oil arc 
not appreciably more effective ; grades lighter than the. light-medium, how- 
ever, are less effective. The oil spray is also effective against some other pests 
that may be present at the same time, such as the black scale and other scale 
insects and the citrus red mite. 

Sulfur applied as a spray may also be used. It is somewhat more effective 
than the oil spra 3 's, but it maj’- injure the tree and it is not effective on some 
of the other associated pests such as the citrus red mite and scale insects. Two 
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treatments in a year may be necessary ; if so, the sulfur spray may be applied 
in late winter or early spring and the oil spray in the late summer or fall, a 
time when oil sprays are generally applied for certain other citrus pests. The 
sulfur spray should not be applied when temperatures are high (90° F. or 
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Fig. 214. Injury caused by the citrus bud niite, Aceria shcldoni (Ewing). Deformed lemon 
blossoms and young fruits; and deformed mature fruits. 


above), or when high temperatures are expected within several weeks fol- 
lowing the application. Two oil sprays, one in the spring and one in the fall, 
are also recommended, and this is the most generally used program. 

A sulfur treatment may be either 2 gallons of lime sulfur i^lus 4 pounds of 
wettable sulfur per 100 gallons of water, or 10 pounds of wettable sulfur per 
100 gallons of water. Proprietary wettable sulfur may be used, or regular 
325-mesh dusting sulfur may be made wettable in the spray tank by the use 
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Fig. 213. Citrus bud mite, Aceria shfldoni (Ewing). 1), dorsal side; S, left side; ES, 
detail of skin on side ; API, internal female genitalia ; GFl, female genitalia and coxae from 
below; F, featherclaw; LI, left foreleg; SA, side view of anterior section of mite. (After 
Keifer.) 

of conventional wetting agents. Combinations of oil and sulfur are also 
effective against the bud mite, but these are complex and hazardous and there- 
fore of questionable general utility. 

Many new materials have been used in the studies aimed at control of this 
mite. The most promising is di-2-ethylhexyl phthalate, which also shows prom- 
ise as a control against the citrus red mite (Jeppson, 1948). 
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CiTETjs Eed Mite, Paratetranychus citri (McG. ) 

The citrus red mite, or red spider, ranks second in importance as a citrus 
pest in California and third in importance in Florida ; and it is almost exclu- 
sively a citrus pest. In Florida, where it is known as the purple mite, it has 
become a serious pest in recent years. Although it occurs in other citrus- 
producing countries, it is not nearly so important elsewhere as it is in the 
United States. 



rig. 216. Injury caused by citrus red mite, Paratetranychus citri (McG.). Above, fruit 
and leaf of lemon showing typical injury; below, normal lemon fruit and leaf; twigs de- 
foliated owing to red spider injury on leaves. 


(For general discussion of this mite see Quayle, 19126; Boyce, 1936. See 
also pp. 667, 668, and 669 above.) 

It causes a characteristic injury, represented first by pale-colored specks 
over the surface of the leaf and fruit (fig. 216) . The specks gradually increase 
in number until they produce a general pale gray or silvery effect. When the 
mites are abundant, they also attack the tender twigs, and many eggs and 
cast skins may be seen on twigs as well as on leaves and fruit. Continued 
infestation results in leaf drop and sometimes fruit drop, particularly when 
the mite is active in late fall, which in California is a season of dry winds. 
In Florida, the greatest damage is done when severe infestations coincide 
with extremely dry weather. 
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Life history . — The egg of the citrus red mite differs from that of other 
species occurring on citrus by the presence, of a vertical stalk from the top 
of which radiate several guy webs (fig. 217). The egg is nearly spherical, 
slightly flattened vertically, and when first laid is a uniform bright red color. 
Later the pigment gathers in specific areas, usually at one side, and finally 
the eyes and outline of the developing nymph can be distinguished. 

The number of eggs produced by the female averages about 30, usually 2 
or 3 being deposited each day. The time required for the eggs to hatch varies 
from eight or ten days in summer to three weeks or longer in winter. 



Pig. 217. Adults and egg of citrus red mite, Paratetranychus oitri (MoG.). 

Note vertical stalk on egg and guy threads radiating from it. (After Quayle, 
1912& and 1932.) 

The young mite is much like the adult, except that it is smaller and has 
but three pairs of legs, the fourth pair being acquired at the first molt. The 
mite begins to feed immediately after it is hatched. On the second or third 
day, the first molt occurs ; after two or three days more, the second molt ; and 
again after two or three days, the third and last molt. 

The citrus red mite is not difficult to distinguish from the other spiders and 
mites found on citrus trees. It is distinctly red, commonly a dark red. The 
white bristles which occur on the body arise from prominent tubercles ; none 
of the other species of mites on citrus has such tubercles. The mite ordinarily 
appears in greatest numbers in early spring and late fall. It is generally less 
abundant during the high temperatures of summer, and in the greater part 
of the area is not usually abundant in winter. 

Control in California. — Sulfur, applied either as a dust or as incorporated 
in a spray, was formerly the material in common use for eontrol of the citrus 
red mite (Quayle, 19126). This material is no longer depended upon. 
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Oil sprays' are used for control of this mite, and at the same time are effec- 
tive against the citrus bud mite and some of the insects. Light-medium, me- 
dium, or heavy-medium grades of oil are employed ; the heavier the oil, the 
longer the period of effective control. Selection of the grade of oil to use depends 
upon the variety of citrus to be treated, the locality in which it is grown, the 
season of the year and, often, the species of associated scale insects present 
and the degree of their infestation. 

It is not desirable, however, to apply oil to citrus in some localities, or at 
some seasons when the citrus red mite requires treatment; hence another 
material to use against red mite has been developed, a dusting preparation 
containing 1 per cent dinitro-o-cyclohexylphenol (DNOCHP) (Boyce, Pren- 
dergast, Kagy, and Hansen, 1939 ) . The proprietaiy product, which is called 
DN-Dust, is applied by means of a specially designed dusting machine devel- 
oped, in the main, at the University of California (Boyce and Kagy, 1941). 
(See figs. 218, 219.) The amount of DN-Dust used per tree varies somewhat 
with size and kind of tree (whether orange or lemon) and with the amount 
of fruit on the tree ; ordinarily, from 1 to 1% pounds is sufiScient. The time to 
make the applications depends upon the appearance of the mites in numbers, 
which is generaly in spring, late summer, and fall. One treatment of DN- 
Dust, properly applied, usually affords satisfactory control for several 
months ; two treatments, usually applied from ten to fourteen days apart, 
afford a longer period of control. 

Subsequently, it has been found that the dioyclohexylamine salt of dinitro- 
o-cyclohexylphenol affords generally more satisfactory results in control of 
the citrus red mite than the parent compound (Boyce and Kagy, 1941 ; Kagy 
and McCall, 1941) ; hence the proprietary dusting preparation DN-Dust D8, 
containing 1.7 per cent of this salt of DNOCHP, has recently replaced the 
DN-Dust. The newer product is used essentially the same way as the old. 
Even more recently, the proprietaiy preparation DN-111, containing 20 per 
cent of the above-mentioned salt of DNOCHP, has been used as a spray, at 
a dosage of % pound to 1 pound per 100 gallons of water. 

Application of any of the above-mentioned DNOCHP materials should 
not be made immediately before or during periods of high temperature, 
because fruit and foliage may thereby be injured. 

Continued research with new materials for control of the citrus red mite 
has resulted in developmental work, in extensive field plots, on two promising 
compounds, bis- (p-chlorophenoxy) -methane (Jeppson, 1946, 1948) and di- 
2-ethylhexyl phthalate (Jeppson, 1948) . Bis- (p-chlorophenoxy) -methane, also 
known as K-1875, came into commercial use early in 1948. A wettable powder 
containing 40 per cent of this compound is marketed under the trade name 
“Neotran.” The commercial use of di-2-ethylhexyl phthalate, also known as 
899, is not contemplated at present. 

“Neotran” is toxic to all stages of the citrus red mite, including eggs. 
Residues of this material on fruits and foliage remain toxic to the mites for 
a period of one to several weeks after application, and, because of this ehar- 


' Oil sprays are discussed In detail on pp. 781-785. 



684 


Citrus Industry: Production of the Crop 

aeteristic, mites not destroyed at the time of treatment are killed as they 
move about over the residue. Young mites that hatch from eggs not touched 
by the spray are likewise killed by the residual material. 

"Neotran” is applied in water suspension with the spray duster or with 
the conventional spray rig. When applied with the spray duster, it is used at 
a dosage of 7 to 10 pounds in 100 gallons of water per acre. YHien applied 
with the conventional spray rig, it is used at a dosage of 1% pounds in 100 
gallons of water, and the trees are sprayed thoroughly. This material appears 
to be compatible with the more important insecticides, fungicides, and 
mineral-element-deficiency materials commonly used on citrus. (For details 
see Jeppson, 1948.) 



' . .4- • 


Fig. 218. Injury caused by sijc-spotted mite, Tetranychm sexmaculatus Eiley. 

(After Quayfe, 19386; courtesy Comstock Pub. Co.) 

Control in Florida . — ^Petroleum oil spray or DNOCHP preparations ap- 
plied as spray or dust are used for control of the citrus red mite (purple 
mite) in Florida. The DNOCHP preparations are used with sulfur in some 
form for control, at one and the same time, of this mite, the rust mite, and 
often the six-spotted mite. The DNOCHP materials used in Florida contain 
the parent compound, whereas in California it is the dieyclohexjdamine salt 
of this compound that is employed. (See section on Florida spray-and-dust 
schedule, p. 798.) 

Six-spotted !Hite, Tetranychus sexmaculatus Riley 
In California, the six-spotted mite is more closely limited to the coastal 
areas than the citrus red mite. (For general discussion of this mite see Quayle, 
19126.) In Florida, this species is of major importance in some years. The 
injury it causes is characteristic and easily distinguished from that caused 
by other species. The mite feeds on particular areas on the underside of the 
leaf, usually along the midrib or larger veins. Where a colony is active (fig. 
218) there is a distinct, pale yellowish depression covered by a web that pro- 
tects the mites beneath and supports the eggs, which can be seen scattered 
about entangled in the silk. On the upper surface of the leaf this same area 
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is represented by a raised part or swelling which is distinctly yellow or yel- 
lowish white and has a smooth, shiny surface. Where injury is severe, the 
affected areas may include the greater part of the leaf, and the leaf may 
become more or less distorted and misshapen and finally drop off the tree 
sooner than a normal leaf would do. In very heavy infestations, the mites 
sometimes attack the fruits of oranges and lemons. As a result of their feeding 
on oranges particularly, small silvery areas are conspicuous on the peel. 

Life history . — The egg is white or yellowish white and spherical. Eggs are 
found only in areas where the mites feed. Each female deposits from 25 to 40 
eggs in a period of ten to twenty days. Five to eight days are required for 
hatching in June ; a longer time if temperatures are lower. The development 
of the species is much the same as that of the citrus red mite. 

The adult of the six-spotted mite is smaller than that of the citrus red mite 
and is never red. The general color is light pink or greenish yellow. In some 
individuals a dark pigment is coalesced into six areas or spots ; hence the 
name sexmaculatus, or six-spotted. The bristles are not so long as those of 
the citrus red mite, nor do they arise from tubercles. 

Control . — Oil sprays are commonly used for combined control of the six- 
spotted mite and the citrus red mite in both Florida and California. Wettable 
sulfur sprays and sulfur dust, also, are effective for control of the six-spotted 
mite, and are used in both states. (See section on Florida spray-and-dust 
schedule, p. 798.) The use of sulfur for this purpose in California is limited, 
however, because of the “burn” that is likely to result on fi'uits and foliage 
if high temperature occurs soon after treatment. 

DN-111, at % pound to 1 pound per 100 gallons of water, is also used for 
control of the six-spotted mite in California. The new material “Neotran” 
shows promise in control when applied with the conventional spray rig as 
full-coverage spray or as dust, but not when applied with the spray duster 
(Jeppson, 1948). 

Texas Citrus Mite, Anychus clarki McG. 

What was formerly thought to be the citrus red mite, Paratetranychus 
citri, in the Rio Grande Valley of Texas, has been described as another species 
under the name Anychus clarki McG. (McGregor, 1935). The Texas citrus 
mite, when it first hatches, is of a lemon yellow color, but later changes to a 
tan or greenish brown. It feeds chiefly on the upper surface of leaves, and 
the injury is similar to that caused by the citrus red mite. 

Life history and control . — The development of the Texas citrus mite is 
more or less similar to that of the citrus red mite. Sulfur applied as dust is 
the principal control measure (Friend, 1946) . 

Other Mites on Citrus 

Some other plant-feeding mites may become locally abundant and more 
or less injurious to citrus. In this categorj'^ arc : Tenuipdlpus species, possibly 
iioculata McG. (Lewis, 1944), Teiranychus himaculatus Harvey (Quayle, 
1912b), and Tarsonemus hakeri Ewing (McGregor,. 1942), in California; 
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Tetranychus yumensis McG., in Arizona (McGregor, 1934) ; Anychus orien- 
tdlis Zacher and Epitetranychus althaea Hanst., in Palestine (Klein, 1938). 

THBIPS 

Thrips constitute a group of insects many species of which are damaging 
to a wide range of economically important plants. A few species are injurious 
to citrus trees, and more particularly so in some of the semiarid than in the 



Pig. 210. Injury caused by citrus thrips, Seirloihrips cHri (Moult.), on fruits: 
left, oranges; right, lemons. 

humid regions. The southwestern United States, Rhodesia, and the Transvaal 
are areas where thrips are serious pests. 

Citrus Thrips, Scirtothrips citri (Moult.) 

The citrus thrips is a common pest of citrus in California and Arizona. 
Its distribution in California indicates that it prefers the warmer and drier 
interior sections to the cooler and moister coastal regions. It has become in- 
creasingly important on lemons, and injurious on lemons nearer the coast 
(Boyce, 1938). It prefers the Washington Navel orange to the Valencia as 
a host, and attacks other species of citrus including the grapefruit and the 
tangerine. (For biological information on this thrips see Horton, 19186.) 



Fig. 220. Injury caused by citrus thrijis, Scirioilmps citri (Jloiilt.), on lemon 

leaves and twigs. 


scarring is not always in the foim of a ring. Feeding on other parts of the 
fruit results in irregular and less well defined areas and may take place later 
in the season. 

Since fruit scarring may be due to otlier causes, such as wind rubbing, the 
most nearly positive character of citrus thrips injury is the evidence of the 
characteristic ring about the stem. 

The citrus thrips also attacks the young twigs and leaves, causing the 
latter to become leathery in texture, defoiuaed, and more or less curled (fig. 
220). It often feeds along an area parallel with the midrib or near the mar- 
gins ; pale or silvery streaks result. Injury to the leaves may occur on the 
spring flush of growth, but is usually more severe on the new growth in sum- 
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mer and early fall. The attack on the young foliage is often so severe as to 
check the general growth of the tree. 

This thrips also attacks and severely injures the buds, with the result that 
adventitious buds or a multiple bud formation appears ; also twig growth of 
the rosette type. This type of injury, common on citrus, is more pronounced 
on the lemon than on other species. The citrus thrips is found in the blossoms 
only incidentally. 

Another species, the western flower thrips, Frankliniella moultoni Hood, 
primarily a nectar feeder, commonly inliabits the blossoms, and this is the 
species that is commonly seen when the blossoms are shaken into the palm of 
the hand. The two species should not be confused. The flower thrips that are 
found in the blossoms are mostly winged adults that have come from various 
plants among or near the citrus trees. The citrus thrips is smaller, more yel- 
lowish, and generally more active than the flower thrips. The abdomen of the 
citrus thrips tapers abruptly and has, so to speak, a “stubby” appearance, 
whereas that of the flower thrips tapers gradually and is slender or cigar- 
shaped (fig. 221). The males of both species are considerably smaller than 
the females. (For details by which the citrus thrips may be distinguished 
from the flower thrips see Ebeling, 1933, and Woglum, 1946e.) 

Life history . — The eggs are deposited within the tissues of the leaf, young 
fruit, and more succulent stems. The egg stage lasts through the winter, and 
the first larvae appear in February or March according as the season is 
warm earlier or later ; some adults, however, may be present throughout a 
mild winter. The larvae are active as soon as they emerge, and feed more or 
less continuously except during the molting periods. The insect undergoes 
four molts, making two larval and two pupal stages. The first molt occurs on 
the leaves and fruits, and the later molts in places offering some protection, 
often in curled dead leaves on the ground beneath the tree. The prepupa is 
similar in appearance to the larva, but is somewhat paler in color and has 
short wing pads. In the pupa the wing pads are longer than in the prepupa, 
and the antennae, which project forward in all other stages, extend backward 
over the head and prothorax. The pupae are found on or in the ground, in 
dried leaves, twigs, or other debris ; rarely in the upper part of the tree, and 
then only in a well-protected situation. Note the contrast between this species 
and the South African species (p. 694), in place of pupation. The life cycle 
of the citrus thrips is completed in about fifteen days in midsummer and in 
thirty days or even longer in the coolest weather, excepting the winter season, 
when the egg stage is prolonged. There may be a total of eight or ten genera- 
tions in the course of a year. 

CONTROL IN CALIFORNIA 

In California from about 1910 to 1928 lime sulfur was principally used 
, for control of this thrips ; from 1928 to 1940, sulfur dust. Hence, for about 
thirty years sulfur in some form was solely relied upon for control of citrus 
thrips. It still affords fairly satisfactory protection against fruit scarring on 
oranges. 
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yig. 221. Comparison of citrus thrips, Scirtothrips ciirl (Moulf.), with western flower 
tlirips, FranHiniella movlloni Hood. Above, second instar larva; right, citrus thrips; left, 
western flower thrips, ivith enlarged drawing of tip of abdomen, showing row of spines. 
Below, adult: right, citrus thrips; left, western flower thrips. (After Ebeling, 1933.) 
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Sulfur dust. — The sulfur-dusting program, for use particularly in Tulare 
County, California, was developed by McGregor (1930) and subsequently 
modified by Woglum.C 19456). This program maybe outlined as follows; 

1st Dust. — ^Apply 100 pounds sulfur per acre, approximately March 15 to 30. 

2d Dust. — ^Apply 100 pounds sulfur per acre as soon as blossom petals start dropping. 
3d Dust. — Apply 100 pounds sulfur per acre about two weeks after the second appli- 

cation. 

In southern California, the first dusting treatment may be omitted in most 
years because of the cool weather and the light population of thrips at that 
time. Because injury may result if a period of high temperature occurs, the 
dosage of sulfur used in the second application should be reduced to 75 
pounds per acre. 

Sulfur dusting is of value also in control of the citricola scale. (See section 
on combined treatment for thrips and citricola scale, p. 692. ) 

Sulfur spray. — ^Por control of citrus thrips a sulfur-spray treatment 
applied immediately after the petals fall is somewhat more effective than the 
sulfur-dusting program. The formula for treatment is 2 gallons lime sulfur 
plus 4 pounds wettable sulfur per 100 gallons of water. It should be applied 
by the time the young fruits are of “pea” size in order to minimize the 
chances of fruit “scratching.” (Woglum, 19456, c, 1947c.) This treatment 
is also of value for control of the citricola scale. 

Tartar emetic and sugar spray. — Commercial use of the tartar emetic and 
sugar treatment for control of citrus thrips was begun in 1939 ; and because 
it was strikingly effective, relatively inexpensive, and practically foolproof, 
it was immediately adopted and universally used. (For discussion of the 
early work with tartar emetic see Boyce and Persing, 1939, and Persing, 
Boyce, and McCarty, 1940.) In the late autumn of 1941, however, unsatis- 
factory results in control in lemon orchards were observed in a small locality 
in the San Fernando Valley, California, where much of the earlier experi- 
mental work with tartar emetic had been conducted. Early in the 1942 season, 
studies showed conclusively that the citrus thrips in this locality had become 
resistant to the treatment ; also that the same species on oranges bad become 
resistant to the treatment in several small areas in Tulare County (Boyce, 
Persing,' and Barnhart, 1942). Since then, the resistant localities have 
increased in size and new ones have appeared. It is estimated at present (1948 ) 
that satisfactory results from the use of tartar emetic in control of the citrus 
thrips may not be obtained on more than one-fourth of the total citrus acre- 
age where control is necessary. 

The most efiScient and bthenvise satisfactory means of applying tartar 
emetic and sugar for control of citrus thrips is with the spray duster (Per- 
sing and Boyce, 1941). (See fig. 260, p. 797, below.) Using this equipment, 
it is necessary to apply only 20 gallons of a spray mixture composed of 7^ 
pounds tartar emetic plus 7% pounds cane or beet sugar per 100 gallons of 
water per acre of mature trees for control of the insect on oranges and grape- 
fruit. Hence, each acre of trees receives 1% pounds of tartar emetic and 
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1% pounds of sugar. However, for control in lemon orchards it is necessary 
to double the quantity of tartar emetic and sugar in the spray mixture, 
although the same gallonage, that is, 20 gallons, is applied per acre. 

When tartar emetic and sugar are applied with the conventional spray 
rig, using either broom guns or a mechanical boom, it is necessary to use 
approximately 200 gallons of a spray mixture composed of 1 pound tartar 
emetic plus 1 pound sugar per 100 gallons of water per acre for control of 
citrus thrips on oranges and grapefruit. For control on lemons the concen- 
trations of tartar emetic and sugar are doubled. 

On orange and grapefruit trees, the tartar emetic and sugar treatment 
should be applied as soon as the petals have fallen, in order to prevent scar- 
ring of the young fruits. In some localities another treatment should be 
applied in August, to protect the autumn flush of new growth. On lemon 
trees, the treatment should be applied when the thrips population begins to 
build up in the spring, which is usually in May or early June. A second 
treatment is usually necessary in August or September. 

For control of this thrips in the citrus nursery, several applications of 
tartar emetic and sugar are usually required. It is only necessary to cover 
the nursery stock uniformly with a finely divided spray. Irrespective of the 
method of application, approximately 4 pounds of tartar emetic and 4 pounds 
of sugar per acre should he used. 

Nicotine-sugar spray. — ^A spray composed of nicotine and sugar has been 
found fairly satisfactory as a substitute for the tartar emetic and sugar 
treatment in areas in which the thrips are resistant (Parsing, Boyce, and 
Barnhart, 1943). Either nicotine sulfate at a dosage of 1 quart, or the pro- 
prietary fixed nicotine-bentonite preparation, Black Leaf 155, at 7 pounds, 
plus 4 pounds sugar per 100 gallons, may be used. When the mixture is 
applied with the spray duster, approximately 100 gallons are used per acre, 
but when it is applied with the conventional spray rig using broom guns or a 
boom, approximately 300 gallons per acre are necessary. With the nicotine- 
sugar treatment the same quantities of materials are used on both oranges 
and lemons for thrips control. The time of application and the program of 
treatments are the same as previously indicated for tartar emetic. 

DDT (dichlorodiphenyl trichloroethane). — Following the promising re- 
sults obtained from extensive studies with DDT for control of citrus thrips 
in 1944 and 1945, certain suggestions were made (Boyce and Ewart, 1946) 
for the use of this material in central California the next year. The material 
was widely used in 1946 with satisfactory results in control of citrus thrips. 
However, in many of the orchards treated a heavy infestation of the cottony 
cushion scale developed, apparently because the DDT had eliminated the 
vedalia (Ewart and DeBach, 1947). These heavy infestations of cottony 
cushion scale were subsequently brought under control by the vedalia, which 
later became abundant as the result of colonization in, or natural immigra- 
tion into, the infested orchards. 

From experimental and commercial usage of DDT during 1947, further 
information was obtained both on the control of citrus thrips and on the 
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cottony cushion scale-vedalia complex. (For details, see Ewart and DeBach, 
1948.) Because of incomplete information on the latter point, it is not yet 
possible to recommend DDT for general use in control of the citrus thrips 
in central California. On the basis of present information its use should not 
be considered if a careful survey shows that more than a trace of cottony 
cushion scale is present in an orchard ; nor, until further information is avail- 
able, should more than one application of DDT be made within a year ’s time ; 
and no DDT should be applied between June 1 and August 15. With due 
heed to the above-mentioned conditions, the following treatments are sug- 
gested for oranges in central California. 

1) For control of citrus thrips In early May to prevent fruit scarring: 

а) Two applications of 2 per cent DDT-sulfur dust containing at least 85 per cent 
sulfur at the rate of 100 pounds per acre. The first application should he made 
when most of the petals have fallen, and the second application two to three 
weeks later; 

or: 

б) four pounds of 50 per cent DDT wettable powder suspended in 100 gallons of 
water per acre applied with a spray duster. 

2) For control of thrips In late summer, that is, after August 15, to prevent injury 

to young foliage: 

a) eight pounds of 50 per cent DDT wettable powder suspended in 100 gallons of 
water per acre applied with a spray duster. 

For control of citrus thrips on lemons in southern California by the use 
of DDT, the following suggestions are made (Ewart, 1946) : for early sum- 
mer, 4 pounds of 50 per cent DDT wettable powder suspended in 100 gallons 
of water per acre applied with a spray duster ; for late summer, double the 
amount of DDT, that is, 8 pounds of 50 per cent DDT wettable per acre. 

DDT is effective for combined control of citrus thrips and citricola scale. 
(See below.) 

Combined treatment for citrus thrips and citricola scale. — From 1930 to 
1940 the three-treatment sulfur-dust program for control of citims thrips 
also served generally to maintain commercial control of citricola scale. 
Furthermore, many heavy infestations of citricola scale were brought under 
control by the addition of one or two more sulfur-dust treatments to the 
thrips-control program ; that sulfur-dust treatments would control infesta- 
tions of this scale had been sho\vn by McGregor (1932). However, with 
increasing standards of citrus production which demand improved control 
of citrus thrips and citricola scale, and with the occurrence of a series of 
relatively cool summers which have made the sulfur-dust program less suc- 
cessful, this program has been much less employed. 

Lime sulfur for the combined control of citrus thrips and citricola scale 
is most effectively applied immediately after the petals fall, in a dosage of 2 
gallons lime sulfur plus 4 pounds wettable sulfur per 100 gallons water. The 
conventional winter spray of 4 to 6 gallons lime sulfur per 100 gallons water, 
applied in February and early March, cannot be generally depended upon 
for satisfactory control of citrus thrips. 
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Various formulations of DDT and programs of treatment have afforded 
satisfactory control of both citrus thrips and citricola scale (Boyce and 
Ewart, 1946; Ewart, 1946; Ewart and DeBach, 1947, 1948). In 1944 and 
1945, experimental results with a program of two dust treatments in May, 
the dust mixture being composed of 2 per cent DDT and 90 per cent sulfur, 
150 pounds per acre per application, was highly effective. However, in com- 
mercial use in 1946 this treatment was not satisfactory for control of citri- 
cola scale. The reason for the failure is not yet understood. 

Treatment in late summer — ^that is, after the middle of August — ^with a 
spray mixture composed of 1 pound of 50 per cent DDT wettable powder 
and 1 gallon of kerosene per 100 gallons of water, applied with the conven- 
tional spray rig giving thorough tree coverage, has been effective in con- 
trolling both citrus thrips and citricola scale. (For details see Ewart and 
DeBach, 1948.) However, until more information is available concerning 
the effects of DDT on beneficial insects this material cannot be recommended 
for general use. 

CONTROL IN ARIZONA 

Prior to the development of the tartar emetic and sugar treatment for 
control of citrus thrips, sulfur dust was used to a limited extent in Arizona. 
The tartar emetic and sugar treatment was first employed there in 1940, 
and subsequently was used generally (Woglum, 1944b). However, only a 
spring treatment is usually applied. Present indications are that the citrus 
thrips has recently become resistant to tartar emetic in the Mesa, Yuma, and 
other localities (Woglum, 1947a; Eoney and Lewis, 1948). Tartar emetic is 
recommended for use in those localities in which it still gives satisfactory 
results in control. It is used at a dosage of 3 pounds tartar emetic and 3 
pounds of sugar 'in 25 to 50 gallons of water per acre, applied with a spray 
duster, or in 200 to 300 gallons of water per acre, applied with the ordinary 
spray rig (Eoney and Lewis, 1948). 

DDT is recommended for control in orchards and districts in which tartar 
emetic has failed. Eight pounds of 50 per cent DDT wettable powder per acre 
are used in 100 gallons of water when applied with a spray duster, or in 200 
to 300 gallons of water when applied with the ordinary spray rig. Promising 
results in control have been obtained when the DDT was applied as a spray 
with an airplane. Although dusting with 2 per cent DDT-sulfur dust at the 
rate of 100 pounds per acre is effective in control, it has not been so effective 
as the spray treatments (Eoney and Lewis, 1948). 

South African Citrus Thrips, Scii-tothrips aurantii Paure 

The South African citrus thrips is a common pest in Ehodesia and in parts 
of the Union of South Africa, particularly the Transvaal. This species, like 
the citrus thrips in California, is probably native to the region in which it is 
found and adopted citrus as a host when citrus trees were extensively planted. 
However, Hall (1930) believes it was introduced into Southern Ehodesia. The 
citrus hosts in Ehodesia, in the order of their importance, are the Washington 
Navel, Mediterranean Sweet, Valencia, J affa, DuEoi, and St. Michael. 
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The injury caused by the South African species is like that produced by 
the citrus thrips in the United States. There is, however, a secondary effect of 
thrips in Ehodesia (Hall, 1930 ) that does not occur, at least in any appreciable 
degree, in California; it is “tear stain,” which is actually more serious than 
the injury caused by feeding. Tear staining is associated with rainy weather, 
which in Rhodesia and the Transvaal occurs in summer. Tear-stained areas 
on the orange as it approaches maturity are characterized by a smooth surface 
which gives the fruit a varnished look. In the ripe fruit such areas appear as 
smooth brown scars. 

Life history. — There are important differences in the life histories of the 
South African species and the species in this country. Pupation of the South 
African citrus thrips takes place on the tree, generally on the fruit itself, 
whereas in California pupation of the citrus thrips takes place in debris or 
in cracks in the ground and rarely on the tree. All stages of the South African 
species may be found on the tree throughout the winter, although develop- 
ment is much retarded ; in California, the citrus thrips usually goes through 
the winter in the egg stage. 

Control. — Sulfur dust or lime-sulfur spray has been generally used for 
control of the South African citrus thrips. Lime sulfur at a dosage of 1 
gallon per 100 gallons of water has more commonly been employed in Rho- 
desia and the Transvaal. Nicotine sulfate is often added to the lime-sulfur 
spray for the combined control of thrips and aphids. Tartar emetic and sugar 
is now considered most effective for control of this thrips in the western 
Transvaal (Smith, 1945) ; in certain other citrus-growing areas, however, 
there may be a strain of this insect which is resistant to the spray. 

Greenhouse Thrips, Heliothrips haemorrhaidulis (Bouche) 

Occasionally, the greenhouse thrips has been a pest on citrus in restricted 
parts of the coastal area in California, and in the last decade it has become 
more widely persistent on Valencia oranges in parts of San Diego and Ven- 
tura counties. Occasionallj'^ it is prevalent on grapefruit, and sometimes it is 
found on lemons in these areas. This thrips also occurs on citrus in Florida, 
Honduras, Brazil, Egypt, Palestine, Formosa, and Australia. 

The effect of the feeding of this species on the fruit is different from that 
produced by the other two species thus far discussed. There is no deeply 
scarred tissue or ringed pattern of scarring around the stem end, as is char- 
acteristic of the citrus thrips. The greenhouse thrips does not usually attack 
the fruit until it is fairly large and often not until the yellow color begins 
to develop. The thrips generally begin to feed at the point of contact of fruits 
in clusters or where a leaf is in contact with a fruit. As a result of their feed- 
ing, the peel of the orange becomes grayish or silverish in appearance and 
flecked with black deposits of excrement (fig. 222). In hea^’y infestations the 
entire surface of the orange may be affected. 

Life history. — The eggs are deposited partly or entirely within the tissues 
on the underside of the leaf or in the peel of the fruit. Under conditions 
obtaining in California the peel of the fruit is apparently more favorable 
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than the leaves as a food source and as a place for egg deposition. There are 
two larval and two pupal stages, and the complete development occurs in 
thirty to forty days, or longer, as the temperature varies (fig. 223) . Pupation 
occurs unprotected on the leaves and fruit (Boyce and Mabry, 1937). There 



Pig. 222. Injury caused by greenhouse thrips, EeH'Othrips haemorrhoidalia (BoucM), on 

orange fruit and leaf. 



Fig. 223. Greenhouse thrips, SeJiothrips haemorrltoidaUs (Bouch^). Left to 
right, egg, first-stage larra, second-stage larva, prepupa, pupa, and adult. (After 
Boyee and Mabry.) 


are no males of this insect. The females fly rarely and feebly. (For the 
biologj’^ of greenhouse thrips in Palestine see Bivnay, 1934.) 

Control . — The most satisfactory way to control this species of thrips is to 
use pyrethrum extract at a dosage of ^4 lo % pint (per 100 gallons) in com- 
bination with the conventional light-medium or medium grade oil spray 
that is used in late summer for control of scale insects and mites. In the part 
of San Diego County where this thrips has persisted longest it is necessary 
to apply a second spray of pyrethrum extract, using % pint per 100 gallons 
of water within twenty to thirty days after the first spray treatment. Timing 
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of the second treatment is important, since the application should be made 
after all eggs have hatched that were present when the first treatment was 
made, and yet before any thrips that hatched soon after the first treatment 
have reached maturity and deposited eggs. 

DDT in varions experimental formulations shows promise of results in 
control superior to those obtained with any other material. 

Old or off-bloom Valencia oranges should be picked prior to the treatment 
and marketed, or thrown on the ground midway of the rows so that they 
will lie in the sun and any thrips present will be destroyed. 

Orchid Thrips, CJiaetoanaphothrips orchidii (Moult.) 

The orchid thrips occurs on citrus in Florida to a limited degree and may ' 
cause minor injury (Thompson, 1940). Apparently it is more common on 
grapefruit than on oranges. The injury somewhat resembles that caused by 
the greenhouse thrips. The orchid thrips in Florida seems to prefer green 
immature fruit, whereas the greenhouse thrips in California seems to prefer 
ripe or nearly ripe frnit. 

Control. — Sulfur sprays for control of rust mite apparently keep the 
population of the orchid thrips at a low level (Thompson, 1940). 

Florida Flower Thrips, FranhUniella cephcdica Craw. 

The Florida flower thrips is sometimes injurious to the blossoms of oranges 
and grapefruit in Florida, according to Watson and Berger (1937). Their 
observations indicate that the insect feeds on the stamens, petals, and other 
flower parts, and that when feeding is extensive the fruit fails to develop or 
is weakened and inclined to drop early ; also, that feeding on the fruit results 
in surface scars like those made when the wind rubs stem against fruit. Sub- 
sequently, Thompson’s work (1940) strongly indicates that the activity of 
this thrips may not be the sole cause of the injury to citrus that formerly wms 
attributed to it. In view of these findings he advises agamst attempts to control 
this insect. 

Western Flower Thrips, FranhUniella moultoni Hood 

The western flower thrips are conspicuous on citrus blossoms in spring, 
when trees are examined for citrus thrips. They appear as adults that have 
come from annual or other plants on which they have passed the winter. The 
injuiy they do to the blossoms is not considered important. A generation 
arising from eggs deposited in the blossoms may develop on citrus as on cer- 
tain deciduous trees, for example, the apricot and peach. Injury is some- 
times done to grapefruit growing under desert conditions in California and 
Arizona. In recent years, injury has been fairly common on maturing navel 
oranges at Hemet and on lemons at Riverside, California, in late fall and 
early winter. The scarring on grapefruit caused by the flower thrips is gen- 
eral and irregular and may be confused with wind scarring. It is never deep 
and never takes the form of a distinct ring surrounding the stem, like that 
caused by citrus thrips. 
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■ Control. — No control measures have been taken against this species thus 
far, since they would rarely be justified. 

SCALE INSECTS 

Under this heading are listed the most important citrus pests in most parts 
of the world. More money is spent for control of scale insects than of any 
other group of citrus pests. The costs of fumigation in California, Spain, 
Italy, Palestine, Egypt, South Africa, and Australia are chargeable entirely 
to control of scale insects. The species chiefiy concerned are the red scales : 
the California red scale in California, Palestine, South Africa, and Austra- 
lia ; the Florida red scale in Egypt and, to some degree, in Palestine ; and the 
Mediterranean or Spanish red scale in Spain and Italy. Besides fumigation, 
most of the spraying (with oil sprays) is also directed against this group. 

Cauipornia Bed Scale, Aonidiella aurantn (Mask.) 

The California red scale is the chief citrus pest in California and is among 
the major pests in Mexico and Central America, South America, Egypt and 
Palestine, South Africa, Australia, and tropical Asia. It is a minor pest of 
citrus in many other places. Judging from its present distribution, this insect 
seems to thrive best in a semiarid climate. Its native home is probably in 
southeastern China. It was first described in 1878 from Australia, and prob- 
ably was introduced into California about that time (Quayle, 1938Z>). In the 
past decade it has become increasingly prevalent in certain interior localities 
of California, as at Eiverside, Eedlands, and Hemet, and infestations have 
been found even in the Coachella Valley desert area. 

The injury done by the red scale results entirely from its feeding, since 
neither this nor any other armored scale produces honeydew and consequently 
there is no medium for the growth of the sooty mold fungus. The injury 
caused by the feeding of armored scales differs greatly with different species 
and depends apparently on the amount or essential nature of a presumably 
toxic material injected into the plant. The red scale is virulent in this respect, 
and a heavy red-scale infestation quickly results in severe injury to the leaves, 
twigs, and branches of the citrus tree, as well as to the appearance of the 
fruit (figs. 224, 225). 

A long list of host ijlants is recorded as subject to attack by this scale. Of 
the varieties of citrus, it appears that the citron, pummelo, and lemon are 
the most favorable hosts, although all varieties of citrus may be heavily 
infested. Other host plants often found in the vicinity of citrus are the rose, 
castor bean, nightshade, laurel sumac, willow, camphor, eucalyptus, carob, 
mulberry, avocado, and fig trees. There are also a few infestations on the 
English walnut. Eose hedges bordering citrus orchards are often a source of 
infestation. 

Life history. — The red scale does not deposit eggs, but gives birth to young. 
As many as 150 or more young may be produced in two months ’ time by a 
single female (Bliss, Broadbent, and Watson, 1931). Upon emerging from 
beneath the female, the yellow, oval-shaped young crawl about actively for a 
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Fig. 224. California red scale, Aonidiella awrantii (Mask.), on lemons and grapefruits. 


period of a few hours to a day or two, when thej’ settle. The females remain 
settled for the rest of their existence (figs. 226, 227). 

After settling, the young scale soon begins the secretion of a white, cottony 
covering; at this stage the young are called “white caps.” The first molt 
occurs in seven to twenty days ; the second, in twelve to twenty days more. 
In the course of the first molt the legs and antennae are lost and the oval 
crawler becomes circular. The upper part of the cast skin is incorporated 
in the white cottony covering, which becomes depressed, compact, and red- 
dish in color. The upper part of the second cast skin likewise becomes incor- 
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rig. 225. Young or:ing(‘ tree juirtiy killed liy Califonii.*! red scale, Aonidiclla aurnntii 
(Mask.) (After Quayie, 19S86; courtesy Comstock Pub. Co.) 


porated in the scale covering, whicli is larger than the first but otherwise 
similar to it. The two cast .skins may be distingnisliocl by the circles seen in 
the scale covering. All this time, except during the molting period, the scale 
slowly revolves, its beak remaining in the tissues as a pivot (fig. 228). Thus, 
by means of special structures, the wax is molded and compacted in a circu- 
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lar form and extended beyond the insect itself to provide for future growth. 
Ten to twenty days after the second molt of the female, the adult male 
emerges and fertilization occurs. 

There are thus three general stages in the development of the female red 
scale : the first extends from emergence to the first molt ; the second, from the 
first to the second molt ; and the third, from the second molt to and including 
maturity. During the molts and the period of producing young the insect 
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Fig. 226. California red scale, Aonidiella aurantii (Mask.). 1, larva or crawler; 2, white 
cap; 3, nipple stage; 4, just after first molt; 5, tlie gray margin is extended to proidde for 
the second molt ; 6, the second molt, the gray margin in 5 occupied by the second cast skin ; 
7, the gray margin extended after second molt; 8, the gray margin further extended and 
completed (the gray adult stage, when fertilization occurs) ; 9, the young-producing adult 
female; 10, the male scale covering under which the transform.ation to the prepupa, pupa, 
and winged adult occurs. Drawn to the same scale and enlarged twenty -three times, approxi- 
mately. (After Quayle, 19386 ; courtesy Comstock Pub. Co.) 


and its covering are so intimately associated that one cannot lift the covering 
without also lifting the insect. Between the molts and until the time of fertili- 
zation the covering can readily be lifted, leaving the insect free. The female 
red scale grow’s appreciably after the second or last molt, provision being 
made for this growth by an expansion of the wax covering, which is indicated 
by a wide gray margin. The third stage may thus be further divided into two 
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stages : one, when the insect is free from its covering and has a wide margin 
of gray wax extending beyond itself ; and the other, from the time of fertiliza- 
tion and during the period of producing young, when the covering and the 
scale are inseparable. Seales in the third stage are the ones that are most 
likely to be seen alive a week or two after fumigation. 

The male insect develops differently. After the first molt, it becomes elon- 
gated and has two pairs of conspicuous purplish eyes ; othei-wise, its charac- 



Fig. 227. California red scale, Aonidiella aurantii (Mask.). Mature females and adult male 
scale coverings, on grapefruit; upper right, drawing of adult male. 


ters are much like those of the same stage in the female. In the second molt the 
prepupa is formed ; in the third, the true pupa ; and finally, in the fourth, the 
pujja is transformed into the winged adult male, which soon thereafter makes 
its appearance by emerging backward from beneath the scale covering. 

Dispersion . — The red scale may be distributed over long distances on nur- 
sery stock or fruit. A spread within a community is effected by the wind, by 
birds and insects, and also by man in his usual cultural operations. This dis- 
persion occurs principally while the scale is in the ‘ ‘ crawler ’ ’ stage, but it 
may occur at any season except in the colder weather of winter. Young red 
scales have been captured after having been blown by the wind a distance of 
400 feet, and no doubt the wind may carry them a much greater distance. In 
cultural operations, twigs, leaves, and fruits infested with mature females 
may inadvertently be carried into uninfe-sted orchards and become a source 
of crawlers, infestation following. 
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CONTROL OP CALIFORNIA RED SCALE IN CALIFORNIA 

Of insects that attack citrus trees this is one of the hardest to control, 
especially ivhere fumigation with HCN (hydrocyanic acid) does not give 
satisfactory results and where spraying as a substitute has not been entirely 
satisfactory. Until about thirty years ago, treatment by fumigation gave 
good control of the red scale ; but poor results were then noted in one or two 
limited areas (Quayle, 1938a), and the size and number of such areas have 
since increased. (For further information on the resistance of red scale to 

HCN fumigation see 
Dickson, 1941 ; Lindgren, 
1941; Moore, 1936; 
Quayle, 1942 ; Yust et al., 
1942, 1943.) Except in 
the “resistant areas,” 
fumigation is still a satis- 
factory treatment; and 
even there it is generally 
the best single treatment. 

Red scale in resistant 
areas . — The term “resist- 
ant red scale” applies to 
those scales which, though 
not immune to HCN, re- 
cpiire such high dosages 
for satisfactory results 
by fumigation that the 
tree is likely to be in- 
jured ; with ordinary dos- 
ages'tlie tree is not likely 

Pig. 228. Califoriiiji red scale, Aonidiclla aurantii to be free from scale — 
(Mask.). 1, first exuvia; 2, second exuvia; 3, the adult “free” is necessarily a 
female; 4, the scale covering. Note that the insect has . i +■ , + , jt 

revolved during its development. (After Quayle, 1911 and relative term even lor a 
1932.) ' single year. An area in 

which the resistant red 

scale predominates is called a “resistant area.” Such areas are not sharply 
delimited, however, because degrees of I'esistance vary in dilferent orchards 
within the same general area and the phenomenon of resistance appears to be 
gradually developing in new areas. 

In general it is in the higher foothill areas, particularly where lemons are 
grown, that growers have difficulty in obtaining satisfactory results by 
fumigation. These areas include Arlington and Corona in Riverside County; 
most of the foothill lemon area in Orange County; East Whittier, North 
Whittier Heights, and certain areas around Glendora, Charter Oak, Covina, 
and elsewhere in Los Angeles County ; and parts of we.stern San Bernardino 
County. 
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Fumigation for red scale in resistant areas. — Against resistant red scale 
as high a dosage should be used as ■will not injure the tree. It will vary with 
the locality, the season, and the variety of tree. One mnst bear in mind that 
the trees in the coastal areas are more susceptible to HCN injury than 
those in the interior ; that the trees in all areas are usually more tolerant to 
HCN in the winter season ; and that of the citrus-tree varieties the lemon is 
usually the most tolerant. Lemon trees that have been treated over a period 
of years with bordeaux or other spray containing copper for brown rot 
{Phytophthora citrophthora) will probably be more or less susceptible to 
HCN injury even in the winter season. 

It is important that any treatment for red scale should be made before the 
infestation of the scale is hea'^y ; otherwise it is difficult to reduce the popu- 
lation enough to prevent injury before the next season’s treatment. Where 
infestations are heavy and the scales arc especially difficult to control, it will 
probably be desirable to apply two treatments a year until the infestation is 
so far reduced that little injury will result. This program should not be con- 
fused with the “double fumigation” practiced against red scale where the 
objective is to eradicate infestations of this insect. 

Fumigation for resistant red scale on oranges. — In winter, unfavor^le 
weather and the presence of heaters or cover crops, or both, in Ihe orchards 
do not generally permit much fumigating ; nevertheless, winter fumigation 
should be done in orange orchards where control of the red scale has previ- 
ously been found difficult. A period of cold weather, which usually occurs in 
the early winter, brings about a greater dormancy of the tree ; consequently, 
at this season higher dosages of HCN can be used, and more successful con- 
trol of the scales can be achieved, than at any other time of year. The favor- 
able season usually extends from the middle of December to the end of 
February. 

The fumigation dosages used in winter in the coastal districts are 20 to 
24 ec.,' and in the interior districts 24 to 28 cc. of HCN. 

The next best season for fumigation is midsummer and very early fall, 
that is, from the latter part of July until October. The orange tree is not 
then so susceptible to injury as it will be later — particularly in October, in 
most years. The midsummer season permits treating heavy infestations of 
red scale that would cause much more injury if allowed to continue until 
winter. Where the combination treatment — that is, the spray-fnmigation 
treatment, which will be discussed later — is employed, the fumigation may 
follow the spray in from one to two weeks, the preferable time to spray 
oranges being Augnst or early September. The summer fumigation may be 
begun a week or two earlier on navels than on Valencias becau.se there is less 
likelihood of injury to the larger-sized fruits on the navel tree. The mature 
crop of Valencias should be picked before the treatment ; but, admittedly, this 
is not always practicable. If black .scale is also present, the summer treatment 

’ T-wenty-four cc. is the amount of liquid HCN used for each approximate 100 cubic 
feet of space enclosed by a tent covering an average-sized tree. For full details see 
pages 776-777. 
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may be delayed, in some years, because the hatch of the black scale has not 
been sufficiently advanced. 

The summer fumigation dosages in the coastal areas are from 16 to 20 cc. 
and, in the interior, from 20 to 24 ec. of HCN. 

Fumigation for resistant red scale on lemons. — Eesistant red scale presents 
a more serious problem on lemons than on oranges. A greater proportion of 
lemons are on the higher, -warmer locations, -where the build-up of the insect 
population is more rapid. Also, lemon fruits are present on the tree the year 
round, and it is on the fruit that the red scale is most likely to survive fumi- 
gation. Factors favoring the lemon include the longer winter and spring 
fumigation season, -when the best results may be expected, and the fact that 
in the spray-fumigation treatment a heavier and consequently more effective 
type of oil may be applied to the tree. 

The winter and spring fumigation season for the lemon extends from 
December to (usually) the end of April. In some years, treatment applied 
late in this season may burn the new growth, but if the young fruits are not 
affected the injury to growth alone is not considered serious. 

The fumigation dosages in the coastal areas are 22 to 24 cc. and, in the 
interior, 24 to 28 ec. of HCN. 

Fumigation for nonresistant red scale. — In areas where fumigation for 
the red scale need not be repeated oftener than every second year, or \^here 
a heavy infestation may be so well brought under control that no damage 
occurs for a single year, red scale is considered nonresistant. The fumigation 
treatment described for resistant red scale will apply in general for the non- 
resistant scale, except that (1) lower dosages may be used, (2) winter fumi- 
gation is less important, and (3) the spray-fumigation treatment need not 
be employed unless other pests, such as the citrus red mite and the citrus 
bud mite, are also present. 

When it is well established that the red scale is not difficult to kill, or non- 
resistant, the dosage should only be reduced to the normal level for the season 
of year and the locality, even though a greatly reduced dosage will give a 
high degree of control. Because nonresistant areas cannot generally be posi- 
tively and sharply defined, it is not advisable to make a drastic reduction in 
dosage. 

For oranges in the coastal areas the dosages for the nonresistant red scale 
are 16 to 20 cc., and in the interior, 20 to 24 cc., of HCN. The same or slightly 
higher dosages may be used on lemons. 

Spraying for red scale on lemons. — ^Because of the greater likelihood of 
adverse effects to fi’uits and foliage in hot weather, the spraying of lemon 
trees with oil is better deferred until October and November. If there are 
hea-yy infestations of red scale alone, or of red scale, citrus red mite, and citrus 
bud mite, earlier spraying may be necessary, followed by fumigation. Medium 
or heavy-medium oil is used at a dosage of 2 per cent as an emulsion or 1% 
per cent as an emulsive.' 

“ The terra emulsive, or emulsive spray oil, refers to a spray oil in wliieli the emulsifier is 
dissolved in the oil and the preparation contains 98 or 99 per cent oil. In an emulsion the 
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Spraying of lemons may also be carried on in the spi-ing, in April or May, 
preferably -where the old crop of fruit has been picked. Usually this treat- 
ment will also control the red mite and the bud mite, which mar be present, 
until late summer or fall. 

In recent years a two-spray program, that is, a spring and a fall applica- 
tion of light-medium oil at 1% per cent, has been satisfactorily used to con- 
trol the red scale and mites, especially ivhere the red-scale infestation was 
not heavy at the time the program was begun (Newcomb, 1947). 

The lemons should be picked at the latest possible time before the spraying, 
and the next picking should be delayed as long as possible after the spraying, 
in order to avoid undesirable coloring of the fruit in the packing house. 

Spraying for red scale on oranges . — Since the orange tree is more suscep- 
tible than the lemon to oil-spray injmy, particularly in the interior districts, 
the heavier oils necessary for the control of red scale on lemons are likely to 
affect the orange tree adversely. For this reason a medium-grade oil is as 
hea-^y as should be used on oranges. In the interior, a light-medium is most 
commonly used on light to moderate infestation. The dosage of either medium 
or light-medium oil should be 2 per cent emulsion or 1% per cent emulsive. 

August and September are probably the best months for spraying oranges. 
In October, the trees may be more adversely affected ; there may be excessive 
leaf drop, and reduction in the set of crop the following year. Spraying as late 
as November usually interferes with the proper coloring of navels or winter- 
ripening varieties, but spraying of Valencias may be justified. In the past 
few years, Washington Navel trees have been sprayed w'ith a light-mediiun 
oil in winter and early spring after the fruit has been picked ; but because the 
results against red scale are erratic and the trees may be damaged, this treat- 
ment should not be used except as an emergency measure. 

Spray-fumigation treatment for red scale on lemons and oranges . — ^Where 
heavy infestations of red scale persist in spite of repeated treatments, either 
on lemons or on oranges, both spraying with petroleum oil and fumigating 
may be necessary, and the combined program can be relied upon to give 
best results. (For details of spray-fumigation treatment see Quayle and Bbeling, 
1934.) It will at the same time control the citrus red mite and citrus bud 
mite, and sometimes the purple scale and black scale, also. 

On lemons, a medium or heavy-medium oil, at a dosage of 2 per cent as an 
emulsion or 1% per cent as an emulsive, is used in September, October, or 
November, or in April or May if the pickable fruit has been removed. (See 
section on spraying for red scale on lemons, above.) The fumigation may 


emulsifier is usually dissolved in water and the preparation generally contains but 80 to 90 
per cent oil. Hence the difference in dosage of the two types of oil spray. The emulsions now 
in use are mostly “florvable,” that is, they will flow from the drum container through a 1-inch 
faucet. Tlie tank-mix spray, developed by Dr. B. II. Smith (1932), consisted of straight oil 
plus blood-albumin spreader ; which, with proper spra3’-tank agitation, produced a quick- 
breaking emulsion. This represented an important contribution in the development of 
petroleum oil sprays and was the forerunner of the emulsive oil spray, which at present has 
generally replaced the tank-mix spray, and which is used at the same dosage. 
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follow in a week or two, may be postponed for a few months, or may precede 
the spraying. (See section on fumigation for resistant red scale on lemons, 
top of p. 704.) 

On oranges, a light-medium or medium oil, at a dosage of 2 per cent as an 
emulsion or 1% per cent as an emulsive, may be applied in August or Septem- 
ber and followed by fumigation within a week or two or after four or five 
months. On Valencias in the coastal areas, the oil spray may be applied in 
December or January and followed by fumigation within several weeks. 

Other materials for control of red scale. — Extensive investigational work 
has been conducted with extractives of rotenone-bearing plants incorporated 
in s])ray oils for control of the red scale. (For details see Ebeling et al., 1944 ; 
Ebelijig, 3945; and Cressman and Broadbent, 1944.) Precise laboratory 
studies by Lindgrcn et al. (194b) have shown that rotenone and other extrac- 
tives of cube and derris greatly enhance the effectiveness on red scale of 
petroleum oils of all grades fi'om kerosene to light medium. Likewise, in 
many field experiments, and often in commercial usage, so-called “rotenized 
oils” have afforded better results in the initial kill of red scale than were 
obtained from the same grade and dosage of oil without rotenone. Never- 
theless, the performance of rotenized oils in control of this scale insect has 
not been consistent enough to warrant their general recommendation. 

DDT has been widely and continuously investigated for control of red 
scale since Lindgren et al. (1944) found residues of this material to be effec- 
tive in preventing the settling and developing of the larvae (crawlers). In 
field exiieriments with various formulations and programs of treatment, 
Ebeling (1947) found that two treatments, approximately two months apart, 
of a formulation consisting of 3 gallons of kerosene containing 9.4 per cent 
technical grade DDT (by weight) and 4 ounces of blood-albumin spreader 
per 300 gallons of water afforded promising results in control. These treat- 
ments were also encouraging because the external or internal quality of the 
navel oranges was not affected by them, nor was the incidence of water spot 
increased. Later extensive field investigations by Carman (1948) corroborate 
the findings of Ebeling (3947) and supplj'^ much more information on the 
use of DDT in such relatively large amounts on citrus — that is, apjwoxi- 
matel.y GO to 70 pounds of technical-grade DDT per acre per year. It is ap- 
parent from these studies (1) that the above-mentioned program of DDT 
treatments affords highly effective control of the red scale without the adverse 
effects on fruit quality attendant upon the use of conventional oil sprays ; 
(2) that infestations of the citrus red mite which develop subsequent to the 
application of the DDT treatments are very difficult to control ; and (3) that, 
after two successive years of treatments, the citrus trees may begin to exhibit 
symptoms indicative of chronic phytotoxicity. Because of these findings, and 
because the ])ossible adverse effect of widespread usage of DDT on the fauna 
of insect parasites and predators in citrus orchards is unknown, recommen- 
dation of the use of DDT for control of red scale is not warranted. 

Parathion has shown promise in eai-ly studies for control of this scale.' 


' G. E. Carman, unpublished data, 1948. 
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Control of California- red scale elsewhere. — HCN fumigation is generallj’’ 
practiced for control of this scale insect in the jMediterranean region and in 
South Africa and Australia. However, pelrolcuin oil sprays are also used. 
In almost all other places oil sprays arc relied upon for control. 

Yellow Scale, Aonidietla citrina (Coq.) 

The yellow scale is associated with the California red scale in many of the 
more interior localities in southern California. Tn Tulare County it is a ma.ior 
pest, and during the past decade the acreage of citiuis affected by it has 
been increasing. It is also known in Florida, Texas. M(‘xico. Argentina, China, 
and Japan. The yellow and California red scales have only recently been con- 
sidered as separate species. Their morphological cliaraclers are similar, but 
they have long been roughly distinguishable in the field by their external 
appearance and habits. The yellow scale is more distinctly yellow and is 
found only rarelj^ on the twigs and branches of the citrus tree. Following 
the studies bj’’ McKenzie (1937), they are now readily distinguished by 
microscopical characters (fig. 229). The host list of the yellow scale is small 
as compared with that of the red scale. 

Life history. — Parallel studies on the California red scale and the yellow 
scale indicate no important differences in development (Qnavle, 1911 ; Ncl, 
1933). 

Control. — HCN fumigation affords most effective control. The work is 
generally done in August and September, and the dosage should be at least a 
20 cc. schedule, and in localities where the tree will tolerate it, a 22 or 24 cc. 
schedule. Petroleum oil sprays are also used for control and are usually 
applied in August and September. Medium-grade oil is most generally 
employed for moderate to heavj' infestations, at a dosage of 2 per cent emul- 
sion or 1% per cent emulsive. 

The parasite Gomperiella Mfasciata is effective in control of yellow scale in 
certain localities (see chap. xii). 

Other species of “yellow scales” on citrus. — Two species of scales closely 
related to the yellow scale mentioned above are recorded from citrus. They 
are the Oriental yellow scale, Aonidietla oricnlalis Newst., and the false yellow 
scale, Aonidietla comperi McKenzie. (For details of these species see McKen- 
zie, 1937, and Quayle, 19381). ) 

Florida Red Scale, Chrysomphalus ficus Ashm. 

The Florida red scale is an important pest of citrus in Floi'ida, Mexico and 
Centi’al America, South America, Egypt, Pale.stine, and in restricted areas 
in South Africa; it is of no importance on citrus in California. It may be 
found in California lath houses and greenhou.ses. and occasionally outdoors 
on certain ornamental plants in protected situations. From its limited di.s- 
tribution in California one may assume that it requires more humidity than 
the California i-ed scale, Aonidiella aiirantii. Florida provides conditions 
favorable to Chrysomphalus ficus and not to A. aurantii. Tn the Rio Crande 
A^'aHey of Texas both species occur, but H. aurantii predominates; the fact 
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Pig. 229. Charactoi's on tlic pygidinin that distinguish between the California 
red scale, AonidieVn aurantii (Mask.) {left), and the yellow scale, Aonidiella 
citrina (Coq.) {right). Xote particularly the absence of sclerotized structure 
B in yellow scale, its only representation in this species being branched ridges 
or folds. Xote also that structure A in yellow scale is usually narrow or elon- 
gate, whereas in red scale it is, in by far the greater number of occurrences, 
globular. (After McKenzie.) (After Quayle, 1938b ; courtesy Comstock Pub. Co.) 
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that this area is more humid than California and less so than Florida may 
account for the prevalence of the two species there, whereas one and not the 
other becomes a pest in California or Florida. The Rio Grande Valley has 
a relatively arid climate, but apparently humidity enough to permit C. ficus 
to thrive. Lower Egypt, where C. fixius predominates, may have still greater 
humidity. Hall (1924) states that this species is not widely or firmly estab- 
lished in Upper Egypt, a more arid region. The prevalence of G. fixms in the 
Delta of Egypt may be explained by the humidity supplied by irrigation, 
not only in the citrus orchards, but in the surrounding cotton and corn fields 
as well. In South Africa A. aurantii greatly predominates over G. ficus as a 
citrus pest, although C. ficus occurs there in certain restricted districts — ^in 
the Transvaal and Natal — where summer rainfall occurs. 

The distribution of these two species may not depend upon the prevalence 
of a humid or an arid climate, but simply upon a difference in the degree of 
humidity. Moreover, intelligent discussion of the influence of climate on pests 
is limited to established conditions where there has been abundant oppor- 
tunity for the spread of the pests. 

The Florida red scale is dark brown to purplish black, with a lighter 
center. The color accounts for the common name “black scale” in Egypt, and 
“purple scale,” also “circular purple scale,” in South Africa. The list of 
food plants of this insect is extensive. 

I/ife history. — ^Unlike Aonidiella aurantii, this species produces eggs, which 
are of a yellow color, and these hatch into motile young or crawlers, which 
thereafter follow a development similar in all important respects to that of 
A. aurantii (p. 697). One of the minor differences, however, is that the scale 
covering of the female of G. ficus can always be readily removed from the 
insect beneath, whereas the scale covering of the female of A. aurantii cannot 
be separated from the insect during the molting periods, nor after the begin- 
ning of reproduction. 

Control. — ^In Florida and other Gulf states, spraying with petroleum oil 
is the chief method of control because the prevailing conditions are not suit- 
able for fumigation. (See Florida spray-and-dust schedule, p. 799.) In Egypt, 
Palestine, and South Africa, fumigation is generally practiced ; however, oil 
sprays are also used there, and they are solely relied upon for control of 
this scale in Mexico and in Central and South America. (For discussion of 
entomogenous fungi see chap, xiii.) 

hlEDiTERRANEAN Red SCALE, Ghrysoniphalus dictyospermi (Morg.) 

The Mediterranean red scale is probably the insect most destructive of citrus 
in Spain, Italy, and northern Africa. It does not occur as a citrus pest in 
the eastern Mediterranean Basin (Quayle, 19386). In many parts of South 
America it is commonly found on citrus. 

It is generallj'^ distributed in Florida, but does little damage to citrus there. 
In California, it occurs in greenhouses and lath houses on ornamental plants 
and to a limited degree on the avocado. A restricted infestation, which has 
since been eradicated, oceiirred in citrus orchards in Ventura County about 
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ten years ago. Since it occurs as a pest in Spain and Italy, wliere climatic 
conditions are closely similar to those in California, it should he considered 
a potential pest of citrus here. 

This species, like the yellow scale, attacks the leaves and fruit ; hut because 
it does not infest the twigs and branches so severely, the injury it causes is 
not so great nor so rapid as the damage done by the California red scale. It 
also resembles the yellow scale in appearance. Its scale covering, like that of 
the Florida red scale, can he readily separated from the insect itself at any 
time ; and, like the Florida red scale, it deposits eggs. 

Control. — In Spain and Italy, fumigation and oil sprays have been exten- 
sively employed. In the other countries where control measures are used, oil 
sprays are relied upon. 

Rufous Scale, Selenaspidus articulatus (Morg.) 

The rufous scale, sometimes called the West Indian red scale, is injurious 
to citrus in the We.st Indies, Mexico, Central America, and Peru. It infests 
limes in southern Florida. The female scale is nearly circular, flat, and yel- 
lowish brown in color. In hea^y infestations these insects encrust the branches, 
leaves, and fruits. Oil sprays afford satisfactory control. 

Oleander oh Ivy Scale, Aspidiotus hederae (Vallot) 

The oleander or ivj’ scale is ati omnivorous scale that occurs widely in the 
citrus-growing regions of the world. The female is circular, of a grayish 
color, and much less convex than the greedy scale, which is sometimes asso- 
ciated with it. In California and in Spain this insect occasionally occurs in 
large numbers on old oranges that remain on the trees after the regular har- 
vest season. It is often damaging to lemons in Sicily, where it occurs in 
numbers so large as to distort the shape of the lemon fruits. It also delays the 
coloring; infested fruits may be distinguished eA’en from a distance by 
blotches of yellow and green. Little or no control is practiced against this 
insect. 

Greedy Scale, Aspidiotus camelliae Sign. 

Greedy scale is found on a wide range of host plants throughout the 
world. It is fairly common on citrus, especially on old oranges that have 
remained on the tree from the previous year, or on the older tree-ripe lemons, 
and it also occurs on the twigs. It is of little consequence, however, as a pest. 
It may be distinguished from the red or yellow scales by its light gray color 
and much greater convexity. Control is generally unnecessary. 

Camphor Scale, Pseuduonidia duplex (CkU.) 

The camphor scale was found in Louisiana in 1920, apparently having 
been introduced from Japan, where it occurs on citrus. It has also been 
recorded from Alabama, Mississippi, and Texas. (For general treatment of 
this insect see Cres.sman and Plank, 1935.) Although nearly two hundred 
hosts have been found in Louisiana, this scale is of most importance as a 
pest on the camphor tree and the Satsuma orange. The insect attacks all parts 
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of the latter host plant. The j^ounger twigs may be killed. The fruits become 
heavily infested, and their market A'alue is therebj”^ reduced. 

The adult female scale is nearly circular, distinctly arched, and blackish 
brown in color, with the exuviae subeentral and of an orange color. 

Oil sprays afford satisfactorj' control on established citrus trees, and HCN 
fumigation is effective for control on citrus nursery stock. 

Purple Scale, Lepidosaplies heckii (Newm.) 

The purple scale is first in importance as a citrus pest in Florida and parts 
of South America and is among the first three or four most important pests 
of citrus in California, Mexico and Central America, Spain, Italy, Egypt, 
Palestine, South Africa, and tropical Asia. (For general treatment of this 
insect see Quayle, 1912a, 1938b; Watson and Berger, 1937.) Although it 
has a wider climatic range than any of the scales thus far discussed, in Cali- 
fornia it is limited to the more humid areas along the coast. It does not occur 
in the interior sections of southern California, although contiguous citrus 
plantings connect this area with the coastal one and the insect has not lacked 
opportunity to spread in the sixty years of its occurrence in the State. Thus 
far, it has not occurred in Riverside and San Bernardino counties ; notwith- 
standing that contiguous citrus plantings extend through Los Angeles and 
San Bernardino counties, its presence ceases before the line dividing those 
two counties is reached. It occurs at the westerly end of Santa Ana Canyon, 
but not in the Corona and Riverside districts to the east. In the canyon, there 
is something of a break in the citrus plantings, but because traffic through the 
canyon is heavy, it would not be unreasonable to suppose that the purple 
scale might be carried many times into the more eastern section of Riverside 
County. However, a series of years favorable to the insect might result in its 
establishment farther inland than at present. It does not occur as a citrus 
pest in the San Joaquin and Sacramento valleys of California. In South 
Africa it does not occur in the citrus-groAving areas of the interior, but becomes 
important as a pest in the coastal areas. 

The purple scale attacks all parts of the citrus tree : leaA'es, twigs, branches, 
and fruit (fig. 230 ) ; but in California, at least, it exhibits a strong preference 
for the north side of the tree and often only the loAver or interior part, a rather 
large- area of which may be killed. The presence of the scales on the fruit 
mars its appearance. They are removed with difficulty by Avashing and brush- 
ing in the packing house. 

This insect occurs on a Avide variety of hosts in many parts of the world. 

lAfe history . — The oval, Avhite eggs of the purple scale are readily seen 
when one turns the adult female over (fig. 231) ; their number Amries from 
40 to 80. They are deposited in the course of four to six Aveeks, those at the 
posterior or broad end of the scales being the oldest. The space beneath the 
covering at first occupied by the adult female is gradually filled Avith eggs as 
the parent contracts in size toward the anterior cud, during egg production. 

The white, oval larA’a craAvls about for a fcAv hours or a day or two, and 
then settles and becomes fixed in position. Very soon, from just under the 
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margin at the anterior end, two long, coarse, entangling threads are secreted, 
which extend entirely over and around the insect (see fig. 230) . These threads 
remain until the insect is about half grown, probably serving as a protection 
while the more permanent covering is being formed. When large numbers of 
the scale have recently hatched, the threads give a general fuzzy effect ; and 
the fuzziness serves as a guide in applying control measures, since its pres- 
ence indicates an optimum condition for the best results from both fumigation 
and spraying. 



Fig. 231. Purple scale, Lepidoaaphes beclaii (Newm.). 1, larva or crawler; 2, secretion of 
two coarse entangling threads; 3, secretion of fine cottony threads, the beginning of the 
scale covering; 4, just after the first molt, with the first cxuvia shown; 5, the second molt, 
and the first and second exuvia shown ; 6, secretion of scale covering seen extending beyond 
the second exuvia ; 7 and 8, adult female ; 9, female inverted, the lower scale covering drawn 
aside to show the insect itself ; 10, female inverted, showing eggs in the place formerly occu- 
pied by the body; 11, scale covering of adult male. All x 17. (After Quaylc, 1938h ; courtesy 
Comstock Pub. Co.) 

After the two long protecting threads are formed, the insect begins the 
secretion of the permanent scale covering — a secretion of much finer threads, 
which cover the insect more completely. The female undergoes two molts at 
intervals of about three to four weeks. The male, like that of the red scale, 
passes through four molts, with a prepupal and a pupal stage, before issuing 
as a winged adult about sixty days from hatching. The female, seventy or 
seventy-five days after hatching, begins to deposit eggs and continues to 
do so W three or four weeks. In most of the areas infested by purple scale 
there are two or three generations a year. 
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Control . — In California the optimum time for treatment is summer and 
fall. Although the occurrence of the younger and more susceptible stages of 
this scale is less uniform than ■with respect to the black scale, it is some'what 
more uniform "with respect to the red ; the time of hatch of the purple scale 
is therefore one of the factors that influence the time of treatment, •which may 
be as early as mid-July and as late as November, although August and Sep- 
tember are usually the preferred months. Since the black scale is often asso- 
ciated with the purple, the time of treatment may be influenced also by the 
hatch of the black scale. Winter fumigation has not proved satisfactory for 
control of the purple scale, perhaps because it is difficult to kill the eggs 
in the colder weather. The best single treatment for purple scale is fumiga- 
tion with a dosage of 18 to 20 ce. of HCN, if such a dosage may be used 
safely, although oil sprays are generally used with success. If infestations 
are heavy, it may be necessary to spray also with light-medium or medium 
oil at 2 per cent as an emulsion or 1% per cent as an emulsive, before or 
after fumigation. Usually, the purple scale is not so generally distributed in 
a grove as some of the other scales, and it is often desirable to ‘ ‘ double treat ’ ’ 
the heavily infested trees. When a grove is sprayed generally, the trees 
heavily infested with the purple scale may be spot-fumigated, also ; and when 
the grove is fumigated generally, the trees with purple scale may be spot- 
sprayedl 

DDT (technical grade) incorporated in kerosene, and also in mineral seal 
grade petroleum oil, is highly effective in control of the p\n‘]fle scale (Lind- 
gren et ah, 1946; and Carman, unpublished, 1948). However, insufficient 
information is available concerning various other aspects of the use of DDT 
on citrus in those areas in which the purple scale occurs to justify its recom- 
mendation. (See discussion of DDT in connection with control of California 
red scale, p. 706.) 

Parathion has shown promise in iireliminary studies for control of the 
purple scale.' 

Oil sprays are universally used for control of the purple scale in Florida 
(see section on P^lorida si)]'ay-and-du.st schedule, p. 798) , Mexico, and Central 
and South America. They are used to some degree in other countries, but 
fumigation is most generally used in the Mediterranean countries and in 
South Africa. (For discussion of entomogenous fungi see chap, xiii.) 

Glo'ver's Scale, Lepidosaphes gloverii (Pack.) 

The Glover’s scale, or long scale, is similar to the purple scale in color and 
shape, but is much narrower and le.ss curved (fig. 232) (Quayle, 19386). It is 
associated -with the purple scale in Florida, Mexico and Central America, 
South America, and Spain, and in Japan it is a more important pest than 
the purple scale. It also occurs in South Africa and Australia. In California 
it oeextrs on citrus in a limited region in Orange County, where it is an 
important pest. 

Control is essentially the same as that for the purple scale. 

’ G. E. Carman, unpublished data, 1948. 
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Black Paelatoria Scale, Parlatoria sizyphus (Lucas) 

Parlatoria zizyphvs (Lucas) is common in Spain, Algeria, Tunis, and 
Morocco (Quayle, 1914) ; it also occurs in Sicily, Crete, Italj"^, Cyprus, Argen- 
tina, tropical Asia, and China. It is prevalent on the leaves, twigs, and fruits 
(fig. 233 ) , and because it adheres firmly to the fruit and is not easily removed 
by rubbing, it occurs commonly on fruits in the markets. The female scale 



Fig. 2.32. (ilovor's .soale, J^viiidoxiiphcx t/lorrrii on orniigo. 

(Photo eourtoisy 11. .!. (^iiiiyle.) 


covering is black, rectangular, and with a fluted sui-face ; the male scale cov- 
ering is white except for the larval skin at the anterior end, which is black. 

Treatment for control of this insect i.s not generally practiced, although 
both fumigation and oil sprays are effective. 

Cn.\FF Scale, Parlatoria pergandii Comst. 

The chaff scale is one of the imjjortant citrus pests of Japan, Palestine, 
and Egypt, and is of some importance in Florida and other Gulf states. In 
Japan, it is particularly abundant on the navel orange on the island of 
Shikoku and on the Unshu orange in the vicinity of Osaki (Clausen, 1927). 
Besides being a major pest in Palestine and Egypt, it is widely distributed in 
other countries around the Mediterranean Sea, as well as in the Azores, Ber- 
mudas, and islands of the West Indies, and in Mexico, Central America, and 
parts of South America. Because the scales are gray or brownish gray and 



716 Citrus Industry: Production of the Crop 

overlap one another on the branches, the afEected tree has an appearance of 
being covered ■with chaff ; hence the common name of the insect ( W^atson 
and Berger, 1937). 

Oil sprays and fumigation, where practiced, afford effective control. 
Snow Scale, Chionaspis citri Comst. 

The snow scale, sometimes called the orange chionaspis, and in Australia 
the white louse, is considered the third most important pest of citeus in that 
country. It is also of importance in tropical Asia, South America, Mexico, 



Fig. 233. Black pavlatoria scale, Parlatoria zizyphus (Lucas), on orange leaf. 
(Photo courtesy H. J. Quayle.) 


and to a very limited degree in Florida and other citrus-growing regions 
of the Gulf states. 

The male snow scale is snow-white in color and has a prominent longitudinal 
center ridge and a fainter one on either side. The female, dark brown with 
a lighter margin, resembles the color of the bark of the tree. In shape the snow 
scale resembles somewhat the purple scale, but it is much broader. It has a 
prominent longitudinal ridge, which, -with the color, readily distinguishes it. 

The snow scale infests all parts of the tree, but is most abundant on the 
trunk and main branches. As a result of infestation the bark becomes hard- 
ened and soon splits (Summerville, 19355). 

Control , — Lime sulfur at a dosage of 8 per cent applied in late winter is 
the most satisfactoiy measure of control in Australia. Fumigation is effec- 
tive there, but oil sprays are not as effective as lime sulfur or fumigation. 
However, in Florida and in Latin America, except Colombia, oil sprays are 
satisfactorily used. In Colombia, lime sulfur at a dosage of 4 per cent is 
considered more effective than oil. 


Insects and Mites and Their Control 


717 


Yanone Scale, Prontaspis yan-onensis (Kuw.) 

The yanone scale is the most injurious citrus pest in Japan. It is also 
reported from China, which is considered its native home. The female scales 
attack chiefly the smaller branches and twigs, but also occur in great numbers 
on the fruit. As a result of heavy infestations the trees are severely injured 
and may be killed. Infestations are conspicuous because of the large masses 
of white male cocoons. There are three generations in a year (Clausen, 1927) . 

This scale was formerly known in Japan as Chionaspis citri, or the true 
orange chionaspis, or the snow scale that occurs in the southern United 
States, Latin America, and Australia. Its species name was changed to 
yanonensis by Kuwana, who soon thereafter placed it in the genus Prontaspis. 

Few, if any, control measures against citrus insects in Japan have been 
practicable. Fumigation is practiced in a limited way, and some work is 
done with kerosene emulsion, hand pumps being used (Clausen, 1927). 

Aspidistra Scale, Pinnaspis aspidistras (Sign.) 

The aspidistra scale is a pest on citrus in Japan, and is also important in 
Colombia, Brazil, and Argentina. It is widespread in distribution through- 
out the world, and occurs on many hosts. The female scale is pale brown in 
color, flat, and roughly pear-shaped (Quayle, 19386). 

Control. — No control is practiced in Japan. In South America, oil spray 
is used when necessary. 

Black Scale, Saissetia oleae (Bern.) 

The black scale is one of the most widely distributed of all of the insects 
attacking citrus trees. (For detailed treatment of this insect see Quayle and 
Rust, 1911; Quayle, 19386.) It occurs in all the important citrus-growing 
regions of the world, but varies greatly in its status as a pest, being most 
important in California and in Spain, and of some importance in Italy and 
North Africa. Until about 1940 the black scale was the most important pest 
of citrus in California. Its relatively low status at present is apparently due 
to effective control by parasites, together wdth rigorous treatments necessi- 
tated by the increased importance of California red scale in some localities 
and of citrus bud mite in others. It is not a pest in Florida, probably because 
of high humidity. It is not an important pest in South Africa ; yet in parts of 
South Africa the climatic conditions are similar to those in California, where 
the black scale thrives on citrus. The activities of parasites may have 
held down its numbers in South Africa. In Australia, it is sometimes an 
important citrus pest, particularly in the districts nearer the coast. Much of 
the citrus in Australia is grown under climatic conditions similar to those 
of the most interior localities in California, which are unfavorable to this 
insect. 

The black scale does not thrive on citrus under a combination of high 
temperatnres and dryness, as is strikingly .shown by the fact that it is not a 
pest in such interior regions of California as the Sacramento, San Joaquin, 
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Fig. 2.S4. ]?lapk scale, Sitisnetia 
olcac (Hern.;. mature fe- 

males on oiaage twig; brlotc, newly 
liatclieil Seale on under side of 
oraiiee leaf. (Photo eourtc-sy H. J. 
Quayle.) 


Coachella, and Imperial valleys ; nor under 
eondition.s of high humidity, as is indicated 
by its iuuoeuousiiess in Florida ( W at.soii and 
Berger, 1937), although it is generally dis- 
tributed there. 

Manj"- plants, both ornamental and eco- 
nomic, are hosts to this insect. Some of the 
preferred host plants — in fact, more pre- 
ferred than citrus — occur in close association 
with citrus plantings in southern California 
and elsewhere. Prominent among these are 
pepper trees, often used as border trees, and 
olives, which may be border trees or adjacent 
plantings. 

Injury. — The injury done by the black 
scale is referable to the extraction of the 
juices of the plant and to the sooty mold 
fungus, MelioJa camelliae Catt., which grows 
in the excretion, or honeydew, of the insect. 
The feeding of the young scales on the leaves 
and twigs reduces the vigor of the tree, and 
when the matiu’e scales mass themselves on 
the twigs and branches the injury proceeds 
until those parts, if not actually killed, are 
unable to support the crop of fruit. The coat- 
ing of sooty mold fungus interferes with the 
normal functions of the leaves and renders 
the fruit unmarketable unless the sooty coat- 
ing is removed by washing. 

Life history. — The mature female scale is 
dark brown to jet black in color, and there 
are I’idges on its back which roughly form 
the letter H (fig. 231). The eggs, which are 
pearly white to pink, changing color as they 
age, may be seen upon lifting the mature 
female scale. The number will range from a 
few hundred to 4,000, the average being 
about 2,000. The light-brown young larvae 
appear after the eggs have been deposited 
fifteen or twenty days, and crawl about, 
often for a day or two, before settling. The 
first molt occurs from 1 month to 6 weeks 
after hatching, and the second molt from 
2y2 to 3 months after hatching. 


Before the first molt, there is no distinguishable difference between the 


male and female. After the first molt, the male becomes much more elongate. 
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and its eyes become visible. It will be noted, with respect to the armored 
scales such as the California red and purple scales, that the covering under 
which the male transforms is secreted from the beginning. The developmujit 
of the male through the delicate prepupal and pupal stages could not very 
well take place without some protection also ; and since the black scale has 
no armor, in the second stage of the male a puparium is formed — a transpar- 
ent eovering, glassy in appearance — ^under which the transformations to the 
prepupal, pupal, and adult stages take place. The male of the black scale is 
found only occasionallj'. Eeproduction ordinarily occurs without fertilization. 

CONTROL OP BLACK SCALE IN CALIFORNIA 

Since 1940, infestations of black scale have been lighter than ever before, 
chiefly because imported parasites (Smith, 1942) have been eifective cheeks, 
and because of the rigorous pest-control measures necessitated by the increase 
of California red scale in many districts, and of the citrus bud mite in others. 

Black scale is controlled mainly by fumigation or spraying. Choice of treat- 
ment and time of application are influenced (1) by the degree of the inseet’s 
resistance, in some areas, to HCN, and (2) by its frequenej'- of reproduction : 
one generation in a year, or two. The blaek scale in the interior areas has one 
generation a year ; that in the coastal areas may have two, overlapping more 
or less. Treatment is most effectively applied when the younger or suscep- 
tible stages of the insect are predominant. In the warmer, interior areas, the 
younger stages are present from midsummer through autumn, and the time 
to begin treatment is when most of the eggs have hatched, that is, in late July 
or early August, and when the fruits (oranges) are large enough to tolerate 
the applications. Tz’eatments may then be given at any time in the succeed- 
ing two or three months. In the coastal areas, the jmunger stages may be 
present in midsummer and again in midwinter. 

Fumigation for black scale . — In parts of eastern Los Angcle.s and westezm 
San Bernardino counties, the black scale has been difficult to kill by fumiga- 
tion (Quayle, 1938a). (For details of fumigation see p. 771.) Some indication 
of fumigation tolerance seems to be appearing in this scale in a few other 
restricted areas. Except in these areas, fumigation is a satisfactory method 
of control and may be relied upon to clear up a heazw infestation and, usually, 
make further treatment for this particular insect unnecessary for two or 
three years. 

The dosage in the coastal areas is from 16 to 18 cc., and in the interior 
from 18 to 22 cc., of HCX. The presence of red or purple scales will make it 
desirable to raise these dosages somewhat, particularly on lemons. Fumiga- 
tion should be done as soon as possible after the appearance of the young or 
most susceptible stage of the insect, especially of Yaleneia trees that have 
the old fruit still on them. As previously stated, there are two seasons for 
treating black scale in the coastal areas, where it has two broods a. year. 

Spraying for black scale . — The black scale, which lacks the firm waxy 
covering or armor that protects such scales as the red, yellow, and purple, 
may be satisfactorily controlled bj’ oil sprays. It yields to oil sprays of the 
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lighter grades, which are not so detrimental to the tree. (For details of oil 
sprays see p. 781.) These sprays are also valuable for the control of the citrus 
red mite and citrus bud mite, which may be present in association with the 
black scale. A light-medium oil is used at a strength of 2 per cent as an 
emulsion or of 1% per cent as an emulsive. 

The most favorable season for spraying oranges is usually from the middle 
of July to the end of September. In the coastal districts, where the black 
scale is double-brooded, it is usually “out of condition” for effective control 
by middle or late August. However, the next generation is usually ‘ ‘ in condi- 
tion” for treatment in December and January. As a general practice it is 
not advisable to use oil spray over the ripe crop of Valencias. Lemons may be 
sprayed at any season when the scale is in satisfactory condition for effective 
control. Lemons should be “closely” picked before spraying with oil, and 
the next “pick” should be delayed as long as possible after the spray appli- 
cation. Where red scale is present, a medium oil may be used in both inter- 
mediate and coastal districts on oranges as well as on lemons ; but because 
of adverse tree reaction the use of this grade of oil on oranges is not considered 
generally desirable in the interior districts. For lemons, a heavy-medium or 
even a heavy oil may be required, under certain conditions. In the interme- 
diate area of eastern Los Angeles and western San Bernardino counties the 
water spot on navel oranges is greatly accentuated by oil spray (Ebeling and 
Klotz, 1936). 

The incorporation of rotenone in oil sprays not only makes practicable a 
reduced dosage of .oil for control of the black scale, but also assures killing a 
greater proportion of larger-sized black scale than can be done with a full 
dosage of oil. Rotenized oil sprays have been used in the areas toward the 
coast where the black scale has two generations a year, usually with some 
overlapping. These sprays ordinarily consist of 0.75 to 1 per cent light- 
medium oil containing approximately 0.05 per cent rotenone derived from 
derris or cub6 extractives or from powdered rotenone-bearing roots (Boyce 
et al., 1940). 

Sulfur dusting for black scale . — ^In some citrus-growing areas of California 
sulfur dusting for the control of citrus thrips keeps the black scale popula- 
tion so low that the interval between the more effective treatments of fumi- 
gating or spraying may be prolonged. Sulfur also evens the hatch by killing 
the young that appear early and thus makes more effective the later treat- 
ment by fumigation or spraying. Furthermore, it tends to free the tree from 
sooty mold fungus, which grows in the honeydew given off by the black scale. 

Sulfur dusting should be avoided in hot weather — that is, when the tem- 
perature is at 90° F. or higher, — in order to lessen the probabilities of injury, 
particularly to fruit. It should not be used later than June ; in fact, it should 
be used with caution even after March. Since black scale may continue hatch- 
ing until after midsummer, sulfur applications cannot be continued long 
enough to be relied upon as a general method of control. In the cooler citrus- 
growing areas, sulfur is of no value in control of the scale ; its use only pre- 
vents development of the sooty mold fungus. 
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Other materials for black scale . — ^DDT and parathion both sho'w promise 
in preliminary studies for control of the black scale.’ 

Control of black scale in other eountnes . — Either fumigation or oil spraj's 
are used for control of this insect in Spain. Italy, North Africa, and Australia. 

Hemispherical Scale, Saissctia hemisphaerica (Tai’g.) 

The hemispherical scale, widely distributed throughout the world, attacks 
citrus in many localities but is of little iinijortanee anywhere as a pest. In 
California it is found most commonly in the coastal sections of Santa Barbara 
and San Diego counties. It is a scale that is easily distinguished by its hemi- 
spherical shape, brown color, smooth shiny surface, flare at the margin, and 
lack of the H-shaped mark which oceui’s on the black scale, its ueai’est ally on 
citrus. lYhen control is necessary, oil sprays give satisfactory results. 

CiTHicoLA Scale, Coccus pseudomagnoliarum (Kuw.) 

As a citrus pest, the eitrieola scale is at present limited to California. 
Clausen (1927) reports that this insect is widespread in Japan but is of no 
consequence as a citrus pest there. In the San Joaquin and Sacramento 
valleys of California, it is more important than any other scale insect on citrus. 
In southern California, it occurs only in the more inland localities ; prior to 
1933 it was a major pest in many of them, but since then, for reasons not 
understood, it has virtually disappeared from many places where formerly 
it was abundant, and is of relatively little importance in the rest. 

The eitrieola and soft (or : soft brown) scales are sometimes misidentified, 
and where there are few specimens this may be expected. (For discussion 
of soft scale see p. 724.) However, there are many important differences, not 
only in the scales themselves, but in the character of the infestations also. 
The soft scale is usually found on single twigs or on parts of the tree only, 
whereas the eitrieola scale occurs more or less generally over the entire tree 
or grove, especially when infestations are heavy. In general, the eitrieola scale 
is most commonly present in the lower part of the north side of the tree. 
Since there is normally but one generation of eitrieola scale a .year, all the 
scales seen in any infestation will be of nearly the same size ; whereas the 
soft scale has three or four generations a year, usually with some overlap- 
ping, and hence there may be different-sized scales on the same twig or leaf. 
There are also some differences in coloring. The eitrieola scale, when it 
approaches maturity, is gray; the soft scale is more of a brown color. The 
young of the eitrieola scale are very flat and much more transparent than 
the young of the soft scale. The eitrieola scale lays eggs ; the soft scale gives 
birth to young. The eitrieola scale almost invariably matures on the twigs 
(fig. 235) ; many of the soft scale may mature on the leaves. 

Injury caused by the eitrieola scale is referable to the extraction of juices 
from the plant and to the copious excretion of honeydew in which the sooty 
mold fungus grows. When infestations are severe, the tree is unable to bear 
its usual crop. 

' W. H. Ewart, unpublished data, 194S. 
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Life history . — This scale deposits eggs to the number of 1,000 to 1,500 over 
a period of thirty to sixty days. (For detailed discussion of this insect see 
Quayle, 1915.) Upon hatching, the young may remain beneath the jjarent 
scale for a few hours if the temperature is warm, or for a day or two if it is 
cooler. The young crawl about actively for about a day, after which they 
settle, for the most part, on the undersurface of the leaves. When infesta- 



Fig. 235. Citricola scale, Coccus pseudomagnoliarum 
(Kuw.), on orange twigs. Mature females. (After Quaj'le, 

1938b ; courtesy Comstock Pub. Co.) 

tions are severe, a great many also establish themselves on the upper side, 
and on the more tender twigs. The first molt occurs approximately one month 
after settling, and the second or last molt about one month after the first 
molt. The discarded skins may be detected as cornucopia-like objects, not 
unlike a bit of thread or lint, lyhich often remain attached to the posterior 
end of the scale. 

The eggs are deposited by this scale mostly in May or June; however, 
some are deposited in the latter pai't of April, and others in July and August. 
From the time of hatching until the following spring (about March) the 
scales are mostly on the leaves and tender twigs. During this time they have 
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groAvn very slovly, but after they migrate to the twigs, in early spring, they 
grow rapidly and are mature by the latter part of April. 

Normally, there is but one generation a year. Tn the San Joaquin Valley 
in 1946 (Wogliim, ]946ci!), and 1947. hoAvever, a partial second generation 
deA^eloped. 

Control. — Formerly, fumigation was generally relied upon for control of 
the citrieola scale, but about fifteen years ago the insect developed so high a 
degree of tolerance to fumigation that the method is no longer applicable over 
most of the infested area in .southern California (Quaylc, 1938ft). In central 
California, where this insect is at present an important pest, fumigation is 
a satisfactory method of control in all localities except near Ivanhoe, Tulare 
County. Here, in an area apyjroximately three to five miles square, the scale 
is strikingly resistant to HCN fumigation. The period during which effective 
control by fumigation can be obtained is relatively short even in the localities 
where the resistant race is not known to occur ; it extends from about July 15 
to September 15, and work done after the latter date may not be successful. 
In Tulare County, fumigation is the most effective combined control of the 
citrieola and yellow scales. 

Oil sprays are generalty used for control of citrieola scale. For eontrol 
of this insect alone, light-medium oil nsed at 1% per cent C 2 nnlsion or lYs 
per cent emulsh’e is satisfactorJ^ However, Avhen oil is employed for the 
combined control of citrieola scale and yellotv scale, it is necessary to use 
medium oil at 2 per cent emulsion or I 73 per cent emulsit'e. 

Sulfur dusts and lime sulfur-wettable sulfur sprays Were in general use for 
many years for the combined control of citrieola scale and citrus thrips, and 
they are used now to a limited degree. Various formulations of DDT also 
show pi’omise for this purpose. (See section on combined treatment for citrus 
thrips and citrieola scale, p. 692.) 

DDT applied as thorough coverage spray in late winter has been highly 
effeettye in eontrol of citrieola scale. The treatment should be eojnpleted by 
March 15, lioweA-er. for best results. On the basis of j-e.sults obtained in the 
1946 and 1947 experiments, the following formulas are the most satisfactory: 

A. IVz pounds of 50 per cent DDT wettable powder 

gallons kerosene 
100 gallons of water 
or 

B. 124 gallons of proprietary preparation of kerosene containing 4 per cent DDT 

in solution 

The DDT wettable poAvder used in formula “A” should be soaked in the 
kerosene for at least 20 minutes before addition to the Avater in the spray 
tank. The mineral-element-deficiency materials zinc and manganese can be 
added to the spray mixture of either of the foregoing formulas without seri- 
ously affecting the action of the DDT. Soda ash should be used instead of 
hydrated lime, however, as a ncAitralizing agent for the zinc and manganese 
materials, if such an agent is needed. 
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DDT has also given excellent control of citricola scale when applied as 
thorough coverage spray during the period from August 15 to November 1. 
The suggested formula is : 1 pound of 50 per cent DDT wettahle powder and 
1 gallon of kerosene per 100 gallons of water. 

DDT cannot be generally recommended for control of citricola scale until 
more information is available concerning the effect of this material on the 
vedalia-cottony cushion scale complex. (For details see Ewart and DeBach, 
1947, 1948.) 

' Parathion, in initial experiments in 1947, showed promise for control 
of the citricola scale, and studies with this material are continuing (Ewart 
and DeBach, 1948). 

Soft (Soft Brown) Scaije, Coccus hesperidum Ijinn. 

The soft scale has for many years been known by the common name of 
“soft brown scale,” but the former common name has now been officially 
approved (Muesebeck, 1946). This insect is generally distributed throughout 
the world on a wide variety of plants and occurs commonly on citrus. How- 
ever, only in South Africa is it considered a major pest of citrus (Matthew, in 
a personal interview) . 

The soft scale often appears in a heavy infestation on a part of one or a 
few trees in an orchard. In California the extensiveness of the infestation 
is usually related to the abundance of the Argentine ant. Where the Argen- 
tine ant population is kept down, the soft scale infestation is usually of short 
duration, owing usually to the attacks of parasites on the scales. When the 
ants are running over the scales, the work of the parasites is interfered with. 
Injury is done by the insects’ feeding and by the sooty mold fungus that 
grows in the honeydew which they excrete. The scale attacks the twigs, 
smaller branches, and leaves. (For comparison with citricola scale, with 
reference to life history and habits, see p. 722.) 

Control . — Control in South Africa and Australia is accomplished by fumi- 
gation or oil spraying. In California it is rarely necessary to use direct con- 
trol measures. Instead, the Argentine ant is controlled by poisoned bait (see 
formula on p. 768), and soon thereafter the parasites usually reduce the 
population of the soft scale to an insignificant level. 

Delta Scale, Lecanium deltas Lizer 

In Argentina, in recent years, the delta scale has become a pest of some 
importance. It also occurs in Brazil. Apparently, it attacks citrus only. The 
insects settle on the under side of the leaves, and, as a result of their feeding, 
depressions or “dents” develop and result in leaf deformities which consti- 
tute the main type of injury. The females deposit about 3,000 eggs each 
and there are two generations a j-ear. 

Control . — ^Because of the deformities in the leaves, it is difficult to cover 
the insects effectively with an insecticide. Spraying withli^ per cent medium, 
emulsible, white oil while the scales are still transparent (young), or while 
the eggs are hatching, is the method favored in Argentina (Hayward, 1941). 
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Green Coffee Scale, Coccus viridis (Green) 

Tlie green coHee scale, very damaging to coffee plants, is injurious to citrus 
in parts of tropical Asia -(Clausen, 1933). It also attacks citrus in Florida, 
Colombia, and Brazil, but it is of minor importance in those regions. Oil 
spray is efEectively used as a control in Florida (Fredrick, 1943) . 

Orange Pulvinaria Scale, Pulvinaria aurantii CkU. 

The orange pulvinaria scale is a common and serious pest on citrus in J apan. 
It is also known from southern China. According to Clausen (1927), a very 
large quantity of honeydew is excreted when infestations are heavy, resulting 
in a dense mat of sooty mold fungus which not only interferes with proper 
functioning of the leaves but also prevents the proper and uniform ripening 
of the fruit. 

Control. — Reasonably effective control is obtained through the use of 
kerosene emulsion (Clausen, 1927). 

Pulvinaria Scale, Pulvinaria polygonata Ckll. 

This Pulvinaria species is evidently synonymous with P. cellulosa Green. 
According to Clausen (1933), it is one of the most important scale pests in 
the Malaysian region. It is of some importance also in Queensland, a region 
into which it was probably introduced and in which citrus is apparently its 
only host (Summerville, 1934). When infestations are heavy, honeydew is 
copiously excreted and the trees become black with the sooty mold fungus. 

Control. — Resin soda fish oil mixture and petroleum oil spray are effec- 
tively used as controls in Queensland (Summerville, 1934). 

Red Wax Scale, Cerofplastes ruhens Mask. 

The red wax .scale is the second most important citrus insect of Japan. It 
was first found at Nagasaki in 1887, and has since spread throughout the 
island of Kiushu and has been found at many separated places on Honshu. 
In tropical Asia, it is of no consequence as a pest on citrus (Clausen, 1927), 
In China and Australia it is important. In the latter country it is called the 
pink wax scale. The common name indicates the general color of the insect. 

The females occur mainly on the young twigs and only occasionally on the 
fruit and foliage. There is one generation a year in Japan (Clausen, 1927), 
two generations in Queensland (Summerville, 1934). Injury is caused mainly 
by the sooty mold fungus which grows on the honeydew excreted by the scale. 

In Australia, soap-soda spray, resin soda fish oil spray, or fumigation 
affords control if applied at the proper time. 

White Wax Scale, Ceroplastes destructor Newst. 

The white wax scale, according to Gurney (correspondence), is the second 
most important citrus pest in Australia. For many years it was supposed 
that this injurious species was Ceroplastes ceriferus Anderson, but Zeck’s 
investigations in New South Wales (1932) showed that all specimens from 
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Citrus were C. destructor and not C. ceriferus. The common name indicates 
the general color of the insect, especially the younger stages. The wax cover- 
ing forms an irregular mass, the black or purplish brown body being only 
faintly visible. Injury is caused mainly by the sooty mold fungus that grows 
on the honeydew excreted by the insect. 

In Australia, soap-soda spray, soda-oil spray, or resin-soda spray is used 
for control. 


Florida Wax ScaijE, Ceroplastes floridensis Comst. 

The Florida wax scale is listed as among the important citrus insects of 
Egypt (Hall, 1924) and Palestine (Bodenheimer, 1930). It is also found 
occasionally on citrus in Florida, tropical Asia, and Japan. The insect itself 
is red, showing pink through the white wax covering. The wax is arranged 
as a large, rounded, central dome surrounded by six or eight smaller domes 
and separated from them by a depression. The young larvae are star-shaped. 
Injury is caused mainly by the sooty mold fungus that grows on the honey- 
dew excreted by the insect. 

Another species of wax scale, Ceroplastes sinensis Del. Guer., is of some 
importance in Spain and Italy (Freeborn, 1931). 

Control. — Apparently, no treatment is made specifically for control of 
these Avax scales. However, fumigation and oil-spray treatments for other 
scale insects reduce the population of the wax scales. 

Cottony Cushion Scale, Icerya purchasi Mask. 

The cottony cushion scale, a native of Australia, is found on citrus in almost 
all citrus-producing areas. It Avas introduced into California in 1868 and in 
the early 1 880 ’s Avas established as a serious pest in the citrus orchards of 
southern California. (For full discussion of this insect see Quayle, 1938&, 
and Essig, 1931.) In 1893 it Avas established in Florida, and in 1904 it was 
present in J apan. 

More extensive commerce and increasingly rapid means of transportation 
account for the fact that many insects have greatly extended their range 
in recent years. Introductions usually follow, too, the main commercial 
routes, Avith the result that insects become established in new places in a 
seemingly roundabout Avay. Thus, the cottony cushion scale had existed for 
centuries in Australia, and citrus and other hosts had been growing in Japan 
long before they Avere groAving in California, yet this insect w^ent from 
Australia to Japan by Avay of America. 

The severity and conspicuousness of infestations of the cottony cushion 
scale caused much concern to the eitins groAvers of California. Federal and 
state agencies, as avcU as private indhdduals, engaged in efforts to check this 
serious pest, and there resulted some of the most important developments 
in insect control, among Avhich wmre cyanide fumigation in the field, the 
biological method of controlling insects, and quarantine. (For details of fumi- 
gation see pp. 771 ff., beloAv; of biological control, pp. 602 ff., above; and of 
quarantine, chap, xv, pp. 813 ff., beloAV.) 



Insects and Mites and Their Control 


727 


Neither fmnigation nor spraying was successful in checking the spread 
of this insect, and it remained for the Australian ladybird beetle, or vedalia, 
Rodolia cardinalis (Muls.), introduced in 1888, to bring the scale under 
control. Since then, it has been onty a minor pest of citrus in California. In 
fact, it cannot be considered as more than a potential pest except where this 
biological balance is upset. 

Injury . — The insects suck the plant sap and excrete copious amounts of 
honeydew. which accumulate in large masses. The honcydew differs in appear- 
ance from that excreted by other common “unarmored” scale insects on 
citrus in somewhat resembling agglomerates of sugar crystals. Apparently, 



Fig. 236. Cottonj- cushion se.ile, lerryn jntrehasi Mask., adults. Note -whito, 
fluted egg sacs. Tiny dark objects on egg sacs are newly hatched larvae or 
crawlers. (After Quayle, 1932.) 


the chief injury to the plant is the direct effect of the insect ’s feeding, since 
the twigs and branches that are heavily infested are quickly killed. The 
entire tree may be killed. Young trees may be killed wilhin a few months after 
the infestation becomes heavy. 

Life history . — The conspicuous part of this scale insect is the large, white, 
fluted cottony mass which is secreted by the adult female and in which the 
500 to 800 eggs are deposited (fig. 236). The younger stages have a slight 
secretion of yellow wax, and this, which also attaches to the cast skins from 
molting, will be seen in an infestation of this insect, particularly on the 
leaves where the young are often found. 

The adult females occur mostly on the trunk, branches, and twigs. The 
young are usually most abundant along the midrib on the under side of the 
leaves. 

Control . — ^No control is now practiced for this insect on citrus trees in 
California (nor, apparently, elsewhere), once the vedalia is introduced and 
becomes established. Experience indicates that the cottonj’’ cushion scale is 
very difficult to control with currently available insecticides. However, pre- 
liminary studies with the recently developed new insecticide, parathion, 
applied as sprays and dusts have shown promising results. (Ewart and 
DeBaeh, 1948.) 
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MEALYBUGS 

Mealybugs constitute a group represented by a limited number of species, 
several of ■which are among the more important pests of citrus trees. In fact 
there is but one species, Pseudococcus citri (Risso), the citrus mealybug 
(sometimes known as the common mealybug), that occurs as a pest of citrus 
over a very wide range. This species is perhaps of greatest importance 
in Spain, Italy, Algiers, Palestine, Egypt, South Africa, California, and 
Florida. 

Five species of mealybugs are found on citrus trees in California, and 
some or all of them, with the possible exception of the Baker mealybug, may 
be found on citrus elsewhere. These species are : the citrus mealybug. Pseudo- 
coccus citri (Risso) ; the citrophilus mealybug, P. gahani Green ; the Baker 
mealybug, P. maritimus (Ehrh.) ; the long-tailed mealybug, P. adanidum- 
(Linn.), formerly considered P. longispinus (Targ.) ; and the Japanese 
mealybug, P. krauliniae (Kuw.) (Clausen, 1915 ; Smith and Armitage, 1931 ; 
and Quayle, 1938Z)). In Egypt the hibiscus mealybug, Phenacoccus hirsutus 
Green, is a serious pest of citrus (Freeborn, 1931). An additional species, the 
Mexican mealybug, Phenacoccus gossypii Towns, and Ckll., may be of concern 
to citrus growers in California because it is commonly present on a number 
of herbaceous perennials around the honae. Thus far its occurrence on citrus 
has been occasional and perhaps accidental. 

The chief difference in the external appearance of the different species 
of mealybugs is to be found in the waxy covering and the filaments of the 
same material around the margin of the bodies, particularly at the posterior 
end (fig. 237). The posterior filaments of the long-tailed mealybug are longer 
than the body, and slender ; those of the Baker mealybug are slender, but 
much shorter than the body. In the citrus mealybug the filaments are short 
and thick, the posterior ones being slightly longer than the lateral ones. In 
the citrophilus mealybug there are usually two posterior filaments that are 
longer and stouter, tapering toward the tip. Also in this species the waxy 
covering is not uniform, but is broken by four small areas on each body seg- 
ment which are sparsely covered, giving the appearane of four longitudinal 
lines. Also, the body fluid of this species is dark in color, whereas it is light- 
colored in the three species just described. The J apanese mealybug is similar 
to the citrus mealybug in its covering and filaments, but it is much larger 
when mature and its body fluid is dark-colored like that of citrophilus. The 
Mexican mealybug may be distinguished from the other species by its cover- 
ing of coarse, granular wax, central longitudinal ridge, grayish body color, 
and elongated, compact egg sac. 

Formerly, the citrus mealybug was the only one of importance as a citrus 
pest in California, seriously damaging in limited coastal localities particu- 
larly. It has not, however, been generally injurious in the past fifteen years, 
probably because of the activity of beneficial insects that have been intro- 
duced or propagated to combat this and other species. In 1913 the citroph- 
ilus mealybug, a new species, was found at Upland, the original infesta- 



Fig. 237. Four species of mealybugs most common on citrus trees in California. 
Top row, long-tailed mealybug, Pseudococcus adonidum (L.) ; second row, citroph- 
ilus mealybug, Pseudococcus gdhani Green; third row. Baker mealybug. Pseudo- 
coccus maritimus (Ehrh.) ; hottom row, citrus mealybug. Pseudococcus citri (Bisso). 
(After Clausen, 1915.) 
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tion covering about 20 acres. Subsequently this species spread rapidly over 
the citrus area of southern California until it had covered more than 100,000 
acres. It became a much more serious pest than the citrus mealybug because 
of its more general distribution and more injurious effect on the trees. The 
striking effectiveness in biological control of the eitrophilus mealybug by the 
Australian parasites that were introduced in 1928 was phenomenal (Smith 
and Compere, 1928; Compere and Smith, 1932). (For details see chap, xii, 
p. 610.) The Baker mealybug and the long-tailed mealybug are sporadic 
in occurrence as pests of citrus. The long-tailed species appears to be the more 
injurious of the two. In common with the preceding two species, they thrive 
best under coastal conditions. The Japanese mealybug occurs in but a small 
area in the Ojai Valley in Ventura County, where summer conditions are 
warmer and drier than those of typical coastal localities. It is of interest to 
note that the Japanese mealybug is not known to occur in Japan, although 
it has been observed in sputhern China by Clausen (1927). 

Mealybiigs injure the trees in much the same way as the unarmored scales, 
such as the black scale. They extract the juices from the plant and also excrete 
large quantities of honej’clew in which gi-ows the sooty mold fungus. This 
fungus makes a black covering on the foliage and fruit, which interferes 
with the normal functions of the plant. Furthermore, mealybugs may cluster 
around the pedicel of the fruit and cause young oranges or lemons to drop 
ill the early spring, and mature Valencias later in the season. When abundant, 
the masses of white, cottony secretion enveloping the eggs and occurring over 
the tree and fruit also add to the detrimental effect of mealybugs. 

Life history . — The life histories of the different species of mealybugs are 
somewhat similar and may be grouped together for this discussion. (For 
details see Clausen, 1915.) 

As main' as 800 eggs are deposited in cottony fibers secreted for the pur- 
pose. over a period of 10 to 20 days. Hoivever, the long-tailed mealybug does 
not dejiosit eggs, but gives birth to young mealybugs. The young hatching 
from the eggs crawl about and, unlike scale insects, maintain their power of 
locomotion throughout their existence, except that the females are usually 
stationary after egg laying begins, and the males are fixed during the pupal 
period. The young, in general appearance, are like the adults except that 
they are smaller. The female undergoes three molts. The male, like the male 
of scale insects, passes through a total of four molts and finally emerges as a 
winged insect. 

There may be four generations in the course of a year. 

Control . — Chemical control measures have not been satisfactory against 
mealybugs in California, with the possible exception of fumigation for con- 
trol of the long-tailed s])ecies. Mechanical control measures, that is, washing 
the mealybugs off the trees with a large volume of water (1,000 gallons per 
tree) under low pressure (50 pounds), Avere in use against the eitrophilus 
mealybug (Boyce, 1929) prior to control of this species with parasites. Now, 
the biological method of control is usually employed successfully against all 
species. (For details see chap, xii.) 
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WHITE PLIES 

The general term “white flies” refers to a large group of tiny insects, of 
which the winged adults of many species are white ; others vary from whitish 
to hlaekish. Only a few species of white flies are important jiests of citrus, 
1 hough relatively many species may occur on citrus plants. 

White flies are related to scale insects and these two groups have certain 
characteristics in common. The larvae of many white flies resemble in general 
appearance the larvae of unarinored scale insects, and both are fixed to the 
host plant. Both groups of larvae excrete honeydew. Only the male of scale 
insects is winged; however, both sexes of the white fly arc winged. The fact 
that the females are vringed enables them to spread much more rapidly than 
scale insects. Thus they are hard to control because of the rapid infestation 
that is likely to occur from untreated citrus trees or other host plants. 

Injury caused by wdiite flies on citrus is twofold : sap is withdrawn from 
the tree, and the sooty mold fungus which grows in the honeydew excreted 
by the. insect interferes with the normal functioning of the leaves. In Florida 
(Watson and Berger, 1937), furthermore, the presence of the sooty mold 
fungus favors increase of the purple scale. 

Citrus White Fly, Dialcurodes citri (Ashin.) 

The citrus white fly was formerly considered the most important citrus 
pest in Florida (Morrill and Back, 1911; Watson and Berger, 1937) and in 
.some of the other Gulf states. Its native home is India, where it sporadically 
becomes important. Although it occurs also in China, Japan, Brazil, and 
Chile, it is not considered an important pest in those countries. It was found 
at Marysville and Oroville, California, in 1907, and was later found in sev- 
eral other places in the Sacramento Talley and at Sacramento itself, and in 
several localities of limited extent in southern California. Eradication was 
at once undertabeu wherever an infestation was found (Mackic, 1931a,’ 
Essig, 1931). Through careful inspection, a certain amount of host destruc- 
tion, oil spraying, and fumigation the long campaign of attrition finally 
succeeded in 1942 (Armitage, 1944). Howe^^cr, in 1947 a light infestation of 
citrus white fly was again found in a very small area in Orange County and 
a program of eradication was begun immediately (Tubbs, 1947). 

Life history . — There are four stages in the development of the white fly : 
egg, larva, pupa, and adult. The egg is oval, pale yellow, and 1/100 inch 
long. When numerous, the eggs give the leaves the appearance of being cov- 
ered with pale yellow powder, since the individual eggs are scarcely visible 
to the unaided eye. They are deposited on the under side of the leaves and are 
fastened by a short stalk. The eggs, numbering about 100 per female, arc 
laid in 8 or 10 days and hatch in 10 to 12 days into yellow, flat crawlers that 
avoid the direct light and settle after a few hours on the undersurface of 
the leaves. 

In the course of the first molt the legs and antennae are lost. The larva is 
flat, transparent, and scalelike, and has transverse lines. After two other 
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molts the fourth-stage larva, -which is commonly referred to as the pupa, 
appears. This stage is different from the others: much less food is taken 
than in the earlier stages, the insect is thicker, and the outline of the adult 
takes form. Finally, the pupal case splits crosswise on the back and the 
mealy-winged white fly (1/15 inch long) emerges (flg. 238). 

In Florida there are three main generations in a year. The spring brood 
of adults is at its maximum in March, the summer brood in June, and the fall 
brood in the latter part of August and the first part of September. 

Control . — Oil sprays are used for the control of this insect in Florida. (See 
Florida spray -and-dust schedule, p. 799. For discussion of entomogenous 
fungi attacking the citrus white fly in Florida see ehap. xiii; and Watson and 
Berger, 1937.) 

Cloudy-wixged White Flt, Dialeurodes citrifolii (Morg.) 

The cloudy-winged white flj^ is another of the important white flies on 
citrus in Florida. It differs from the preceding species in that the egg is black 
instead of pale yellow and in the middle of each wing there is a darkened 
area which accounts for the common name of this species (Watson and Ber- 
ger, 1937). Also, the period of development is about two weeks longer in 
summer than that of the citrus white fly. Both species are commonly asso- 
ciated in the orchards. 

Control . — See paragraph on control of citrus white fly, just above. 

Citrus Bl.a.ck Fly, Aleurocanthus woglumi Ashby 

The citrus black fly, one of the most destructive species of this group of 
insects attacking citrus, was first knoAra in the Western Hemisphere in 1913, 
Avhen it was found in Jamaica. Apparently it had been introduced from 
India. It became a major pest of citrus in Cuba and other islands of the West 
Indies, and in the Bahamas, Costa Eica, and Panama. (For full discussion 
of this insect see Dietz and Zetek, 1920.) 

In 1935, this insect Avas found in Mexico at El Dorado, Sinaloa, Avhere its 
rapid nortliAA'ard spread and its destructiA'eiiess to citrus are vieAved Avith 
graA'e concern by the citrus industries of Texas, Arizona, and California. 
(For discussion of this insect in Mexico see Woglum and Smith, 1947.) In 
vieAv of the fact that by May, 1947, the citrus black fly had spread northAvard 
in Mexico to Bm]mlme, Avliich is only approximately 270 miles south of the 
Arizona border, the citrus indu.stry of California took immediate action to 
prevent or at least delay its s])read into these tAvo states. The industry made 
an appi‘ 0 ])riation of $25,000 for eradication of this insect from the area north 
of the Yaqui River and ultimately from the entire State of Sonora. Subse- 
quently (early in 1948), funds became aA-ailable to the U. S. Bureau of Ento- 
molog>' and Plant Quarantine. Avhich permits that agencyto assume responsi- 
bility for this important Avork in Mexico. 

The campaign for eradication of the citrus black fly in northeastern Mex- 
ico Avas begun in NoA-ember, 1947, under the direction of R. S. Woglum, as 
a cooperative project of the citrus groAvers of California and Arizona, the 
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Mexican Department of Agrienlture, the government and the citrus growers 
of the State of Sonora, Mexico, and the TJ. S. Bureau of Entomology and 
Plant Quarantine Laboratory in Mexico City. This entire project is being 
conducted under the general direction of Ingeniero Salvador Sanchez Colin, 
Director General of Agriculture of Mexico. Citrus and other host plants in 
the infested localities within the area north of the Yaqui Eiver are being 
sprayed thoroughly with petroleum oil of light-medium grade in which 
powdered cube root is incorporated. Excellent progress is being made in this 
campaign. (For details of the citrus black fly campaign in Mexico see Anon., 
1947a ; also Woglum, 1948a, 1948b.) 

Following Clausen’s introduction into Cuba from Malaya, in 1930, of the 
parasite Eretmoceru-s serins Silv., commercial control of the citrus black fly 
w-as obtained within eight to twelve months (Clausen, 1932) . With the excep- 
tion of parts of Mexico, the citrus black fly is now effectively controlled by 
this parasite in other areas on this continent. 

Orange Spiny White Fly, Aleurocarrthns spiniferus (Quaint.) 

The orange spiny white fly is an important pest of citrus in Japan and is 
the most injurious of the several species that infest eitx’us there (Clausen, 
1927 ; Kuwana, 1928) . It is also injurious to citrus in China and tropical Asia. 


Marlatt White Fly, Aleurolohus marlatti (Quaint.) 


Marlatt white fly is considered the second most important species of white 
fly attacking citrus in Japan (Clausen, 1927). This species also occurs on 
citrus in India. 


PSTLLIDS 


There are several species of psyUids, or jumping plant lice, that occur on 
citrus, and at least two of them are important. Both species are known by the 
common name, citrus psyUa. 

Diaphorina (Euphalerus) citri Kuway occurs on citrus in tropical and 
subtropical Asia (Clausen, 1933) and is considered of great importance as a 
pest in India (Husain and Nath, 1927) . Not only is damage done by the sooty- 
mold fungus that develops on the copious quantities of honeydew excreted 
by the insects, but it also appears that the insect, in its feeding activity, injects 
some toxic material into the tree. In the Punjab, the damage has been com- 
plete loss of crop for several seasons, and afterward the death of most branches 
and sometimes the death of the trees in entire orchards. 

Control. — ^Nicotine sprays are effective against the nymphs in the spring, 
and resin-soda sprays are effective against the adults in winter. The studies 
of Eahman (1941) show promising results from the use of dusts containing 
nicotine sulfate and sulfiu*. 

Trioza merwei Pettey occurs on citrus as a minor pest in South Africa. 
Ehodesia, and Uganda (Van der Merwe, 1923). Nursery trees and young 
orchard trees are more seriously affected than older trees. The insects attack 
only the new growth, and where a nymph settles on the under side of the 
leaf a pit or open gall is foimed. When these galls are numerous, the leaf is 



Insects and Mites and Their Control 


735 


curled and otherwise greatly deformed. Immature forms and adults void 
excrement profusely, and the soil beneath a heavily infested tree may have 
the appearance of having been dusted with a white powder. 

Control. — Since this insect commonly attacks certain native Eutaceae, the 
removal of these wild hosts from the vicinity of the citrus planting is impor- 
tant in control. Pinching oif i n fested shoots by hand at the early stage of 
the infestation may be practiced on small trees. Oil spray may be used for 
the young nymphs before the leaves become curled. 

APHIDS 

At least five species of aphids or plant lice are important pests of citrus 
in various parts of the world. Pour of them occur on citrus in California and 
Florida : the green citrus aphid, Aphis spira^ecola Patch ; the melon or cotton 
aphid. Aphis gossypii Glover ; the green peach aphid, Myzus persicae (Sulz.) ; 
and the black citrus aphid, Toxoptera aurantii (Ponsc.). The green peach 
aphid and the melon or cotton aphid attack a wide variety of hosts through- 
out the world. Toxoptera aurantii occurs wherever citrus is grown, and it 
is practically restricted to citrus as a host. 

The fifth species is also known as the black citrus aphid. Aphis citriddus 
(Kirk.), and occurs in almost all citrus-growing areas except those in the 
United States; it is also commonly referred to in the literature as Aphis 
citricola van der Goot, or Aphis tavaresi Del G. It is mahogany brown in 
color, and has pale, slender antennae. 

For field use, a general description of the four species of aphids that occur 
on citrus in the United States has been prepared by E. C. Dickson : 

Green citrus aphid . — Wingless forms are relatively broad and almost square In 
general shape, and are deep, opaque, apple green In color. Winged forms have dark 
head and thorax and pale yellow-green abdomen. 

Melon or cotton aphid . — ^Wingless forms are dark dull gray in color, although very 
young specimens are sometimes yellowish. Winged forms are entirely dark In color. 

Green peach aphid . — Wingless forms are pale translucent yellow-green In color 
and appear somewhat diamond-shaped since the cornicles are held in a convergent 
position, making the posterior end appear narrow. Prealate nymphs are often pink 
in color. Winged forms have a conspicuous black patch on the upper surface of the 
abdomen. 

Black citrus aphid . — ^Wingless forms: only mature females are black in color, and 
they are a very shiny black; immature wingless forms are mahogany brown. Winged 
forms are readily recognized by the black stigma, that is, a conspicuous spot on each 
wing. 

The main injuries caused by aphids on citrus are two : (1) severe curling 
and deformation of young leaves and stunted growth of leaves and twigs 
(fig. 239) ; and (2) impairment of leaf functioning irom the presence of sooty 
mold fungus, which grows in the copious quantities of honeydew execreted 
by the aphids. In California, when climatic and other conditions in spring 
favor prolonged activity of aphids and after the flush of growth is no longer 
suitable for them to feed upon, they attack the blossoms and new’ly set fruits. 
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Fig. 2,S9. Injury ciiinsod 1 >y aphids, Aphix spimrcolu Patch, and 
A. ijoxsypii Glov., on orange leaves. 


This may result in bumps on the fruit and crooked and othenvise impaired 
fruit stems -which are readily broken off -when the trees are sprayed for scale- 
insect control the following summer. Young trees are more severely injured 
by aphids than older trees. 

In California, aphids are injurious chiefly during spring and early summer, 
and principally in the coastal and intermediate localities. Occasionally they 
may be damaging in such interior localities as Riverside and Redlands. 
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Lemons are usually not seriouslj' affected. The green citrus aphid and the 
melon or cotton aphid are the two most important species, the former gener- 
ally much more important than the latter. Like conditions obtain in Florida. 

Green Citrus Aphid, Aphis spiraecola Patch 

The place of origin of this aphid is unknown. It first attracted attention 
in Florida in 1923, but was not distinguished from the melon or cotton aphid 
until 1924. Severe outbreaks of this aphid occurred there in 1924, 1925, and 
1932 (Watson and Berger, 1937). The species was first recognized in Cali- 
fornia in 1925, and had probably been present in association with the melon 
or cotton aphid for several years at least (Quayle, 1938/i). The green citrus 
aphid is so closely related to the green apple aphid. Aphis pomi T)e G., that it 
is possible to distinguish between the two only in the sexual forms, Avhich 
have never been found on citrus but have been found sparingly on Spiraea 
in Florida and California. 

7yi/e history. — The biology of this aphid has been extensively studied in 
Florida by Miller (1929 ) and others. Reproduction occurs asexiially through- 
out the year, the jmung being born alive. The length of the nymiihal period, 
that is, the period between birth and reproductive maturity, ranges from 4 to 
16 days, depending upon temperature and food conditions. The daily rate of 
reproduction varies from 1 to 16 young aphids per female. The total number 
of young produced by a single female may exceed 100. The length of life 
ranges from 12 to 33 days. Winged forms commonly develop when the aphid 
colony becomes crowded or when the foliage begins to harden, whereas prac- 
tically no winged forms are present Avhen the aphids feed on very tender 
growth and are not too crowded. In California, many aphids pass the winter 
in constantly reproducing colonies on citrus. It is probable that these colonies 
are the principal source of the spring population. 

Melon or Cotton Aphid, Aphis gossypii Glover 

This species infests citrus trees with the beginning of the spring flush of 
growth, coming from some of its many host plants that may be growing as 
cover crops in the orchard or near by. Reproduction wuthout fertilization is 
continuous throughout the year in Florida (Goff , and Tissot, 1932), and 
apparently in California also. Other general features of the biology of this 
aphid are essentially similar to those mentioned for the green citrus aphid. 

CONTROL OP APHIDS 

In certain seasons and in certain localities in California, particularly in 
those localities which lie between the coast and the interior, it is difficult to 
determine whether treatment for control of aphids on larger trees is justi- 
fied ; the iucidenee and effectiveness of predators and jiarasites of aphids — 
and sometimes entomogenous fungi — ^which may render treatment unneces- 
sary are unpredictable. However, there is no doubt about the advisability of 
aphid control on small trees. (For information regarding biological control 
of aphids see Watson and Berger, 1937, and Quajde, 1938&.) 
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Treatment for control of aphids on citrus should be made before the popu- 
lations have built up to an appreciable degree, and hence before much curling 
of the leaves has occurred. Nicotine applied as dust or spray has been the 
standard material for control of aphids on citrus for many years. However, 
in recent years certain formulations of rotenone applied as spray have been 
effectively and widely used, and currently (1948) hexaethyl tetraphosphate 
(HBTP) and tetraethjd pyrophosphate (TEP) are being used effectively in 
a limited way commercially. Prior to the development of boom sprayers 
(p. 791) and spray dusters (p. 794), it was generally considered most prac- 
tical to dust for aphid control on large trees and spray small trees. The criti- 
cal shortage of nicotine since 1943 and the lack of any other highly effective 
aphicide that could be used as a dust, together with the development of equip- 
ment for the rapid application of aphicide sprays, has made liquid applica- 
tion more practical than dusting in some localities at least. In some seasons 
and in certain areas it is necessary to apply two or three treatments in order 
to obtain satisfactory control. 

In California, formulas commonly used for control of aphids on citrus 


are as follows : 

Nicotine sulfate (40 per cent nicotine) ^ pint 

Calcium caseinate ^ pound 

W^ter gallons 

or 

Proprietary derrls or cubd extractives preparation containing 2.6 per cent rotenone 

Ipint 

100 gallons 

or 

Powdered cubS or derris root containing 4 to 5 per cent rotenone % pound 

Bmulsive oil, light-medium grade % gallon 

100 gallons 

or 

Proprietary oil preparations containing 0.1 per cent rotenone % gallon 

100 gallons 

or 

Proprietary preparation of HETP or TEP containing 20 per cent TEP 1 quart 

100 gallons 

Applied with spray duster at 100 gallons per acre 

or 


Dust mixture containing 4 per cent actual nicotine used at the rate of 50 pounds 
per acre 

or 

Proprietary dust mixture containing 0.5 per cent actual TEP used at the rate of 80 
pounds per acre. 

LEAP HOPPERS 

Although a number of species of leaf hoppers may be found on citrus trees, 
they are ordinarily not injurious. One species, however, the potato leaf hop- 
per, is of importance in California. 
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Potato Leap Hopper, Empoasca falae (Harr.) 


The potato leaf hopper has been important as a pest on oranges in Tulare 
County, California, since about 1936 (Lewis, 1942). The leaf hoppers mi- 
grate into the citrus orchards in the fall and feed on the oranges as soon as 
the yellow color begins to appear in the peel. Navels are attacked first, usually 
in early October, and Valencias are attacked about one month later. The sign 
of injury is spotting, at the point where the leaf hopper has fed, which results 
from release of the oil naturally occurring in the peel. The amount of injury 
done varies considerably. In severe eases more than 50 per cent of the fruit 
may be rendered unmarketable. There has been no evidence that the leaf hop- 
pers reproduce on citrus. 

Control. — Satisfactory control is effected by repelling the leaf hoppers 
through the use of lime spray to which zinc sulfate is usually added for the 
zinc needs of the tree (Lewis, 1942). On Valencias the hydrated lime is used 
at the rate of 30 pounds per 100 gallons of water. On navels, which require 
protection for a shorter time than Valencias, the amount of lime is reduced 
to 20 pounds per 100 gallons of water. Coverage is necessary on the outside 


of the tree only. 


PLANT BUGS 


There are a number of species of true plant bugs in the United States 
and elsewhere that attack citrus sporadically, and often the injury is minor, 
but there are two species in Australia, and at least one species in China, that 
are of more general importance. They are the bronze orange bug and the 
larger horned citrus bug in Australia, and the citrus stinkbug in China. 


Bronze Orange Bug, Bhoecocons suldventris Stahl. 

This species effects important citrus losses in Australia. Both the nymphs 
and the adults feed on the tender growth and on the blossoms and young 
fruits. The affected twigs wilt and the flowers and young fruits that have 
been attacked fall off. When infestations are heavy, most of the young fruit 
will drop. 

The fifth-stage nymphs and the adults of this insect aggressively discharge — 
to a distance of as much as two feet — a secretion of almost colorless volatile 
liquid that may cause temporary blindness if it comes in contact with a per- 
son’s eyes, and severe burning if it lodges on a tender skin (Summerville, 
1935a). 

Control. — Jarring the trees to dislodge the nymphs, and destruction of 
them on the ground where they congregate at an appropriate barrier, has 
been effectively praeticed. However, spraying with a mixture of resin, soda, 
and fish oil has been most satisfactory. 


Larger Horned Citrus Bug, Biprorulus hibax Bred. 

This species has for many years been a pest of importance, particularly in 
Queensland. Its native host plants are the desert lime and the finger lime. The 
lemon is most severely attacked, and losses up to 90 per cent have occurred. 
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The bugs prefer feeding on fruits to feeding on foliage, and soon after they 
feed the fruits drop. 

The adults as well as the larger nymphs eject an evil-smelling secretion 
which stains one’s skin a bright j'ellow. It is irritating to tender skin; how- 
ever; it is not so objectionable as the secretion ejected by the bronze orange 
bug (Summerville, 1931). 

Control. — This bug is very difScult to control and the procedure is com- 
plicated. It involves crop removal at a certain season, hand picking, fumiga- 
tion, and spraying with a mixture of resin, soda, and fi,sh oil. (For details 
see Summer\dlle, 1931.) 

Citrus Stinkbug, Bhynckocoris humeralis Thunb. 

This stinkbug occurs in China, Formosa, Bunna, and India, where it 
attacks oranges principally. The nymphs and adults feed on fruits of all 
sizes; however, they show a preference for the larger, nearly ripe ones (Hoff- 
man, 1928). 

Pumpkin Bug or Southern Green Stinkbug, Bezura viridula Linn. 

In Florida this is the most important of several species of plant bugs, and 
it may cause serious losses. On young trees the succulent twigs are killed as a 
result of feeding by this bug. More important, however, is the loss of fruit 
resulting from the feeding of these bugs in the fall ; according to Watson and 
Berger (1937), it may sometimes amount to half the crop. The bugs congre- 
gate on the fruits and suck out large quantities of juice. 

Control. — Collection of the bugs by jarring them off the trees into nets 
while the temperature is below 70° F. is practiced. Certain cultural opera- 
tions, such as proper selection and proper handling of the cover crop, are 
im])ortant preventive measures (Watson and Berger. 1937). Recently, ben- 
zene hexachloride has been used for control. (See Florida spray-and-dust 
schedule, p. 799.) 

Leaf-footed Plant Bugs, Leptoylossm Sp. 

Lcptoglossus pliyllop%is (Linn.) occurs on citrus in Arizona and the Gulf 
states. In Florida it is most important as a pest of mandarin and tangerine 
oranges, although it frequently attacks others (Watson and Berger, 1937). 
The bugs congregate in colonies on single fruits or trees. They extract large 
quantities of juice from the fruit and render it worthless. 

Control. — Collection of the insects as practiced for the pumpkin bug 
has been employed for control, and benzene hexachloride is now used in com- 
bating it. (See Florida spray-aiid-dust .schedule, p. 799.) 

Western Leaf-footed Plant Bug, Lcptoglossus zanatus (Dallas) 

This species has occasionally caused considerable loss of citrus fruits in 
the Imperial Valley of California in restricted localities, usually in close 
proximity to pomegranates. It is primarily a pest of pomegranates, and it 
spreads the fungus Nematospora coryli which causes heart rot of that fruit. 
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This insect has not been associated -with the spread of any disease of citrus. 
The bugs attack tangerine oranges as well as other oranges and grapefruit, 
usually congregating in large numbers on individual fruits, rendering them 
worthless (Quayle, 1929a). 

Control. — Elimination of pomegranate trees in the vicinity of citrus or- 
chards alleviates the problem so far as citrus is concerned. Maintenance of 
turkeys in the citrus orchard to eat the plant bugs tliat are jarred from the 
trees in the cooler early morning hours has been effectively used as a control 
measure. 

False Chinch Bug, Nysius ericae (Sehil.) 

The false chinch bug is occasionally very destructive in California, on 
small citrus trees particularly: in fact, it kills annually an undetermined 
number of small trees. The bugs are small and relatively inconspicuous, and 
erratic in their occurrence in destructive numbers. Their presence is usually 
associated with improper handling of the cover crop. The nymphs and adults 
congregate in great numbers on the younger wood, which usually is quickly 
killed. 

Control. — DDT affords most effective results in control. A 5 per cent 
DDT dust, or a spray containing 1 pound of actual DDT in 100 gallons 
of water, may be used. The trees and the ground beneath tlie trees should 
be treated. 

PRUIT-PIEKCING MOTHS 

In South Africa, Australia, many sections of Asia from Japan to the 
Dutch East Indies, and India, a number of moths called fruit-piercing 
moths are important as citrus pests. Among the important species listed 
are : South Africa, Ophklercs materna Linn, and Serrodes partita Pahr. ; 
Australia, Orthresis fidlonica Linn., Maenas salaminia Pabr., and Ophideres 
materna Linn.; Japan, Ophideres tyrannus Green, Calpe excavata Butl., 
and Calpe capucina Esq. ; India, Othreis fuUonica Linn., Ophideres materna 
Linn.; and in China, the Philippines, Malaya, and the Dutch East Indies, 
Othreis fullonica Linn. 

These are relatively large motlis which, at night, insert a long, slender 
proboscis into the fruit for the purpose of feeding. The punctures made 
by the mouthparts are distinct holes, and decay organisms .soon enter the 
affected fruits, which usually drop Avithin a fcAV days. According to Clausen 
(1927), the naAml orange cannot be extensiA’clj'^ grown in parts of Japan 
because of the abundance and severity of attack by Ophideres tyrannus 
Green. The larvae of these moths do not feed on citrus but instead develop 
on other vegetation, usually Aveeds. 

Control — Control of these moths is difficult, and no entirely satisfactory 
method has jmt been developed for all species. Susainathaii (1924) obtained 
successful control in an area of Madras (India) through elimination of 
the host plants on AA'hieh the laiwae deA'elop. The use of poison baits and 
light traps for the moths has been Avidelj’^ tested, but Avitbout satisfactory 
results. In some places the fruits arc actually enclosed in baskets or muslin 
bags to prevent attack by the moths. 
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Grotjp II 

Grasshoppers {beloTv) ; katydids, p. 743 ; larv ae of moths and butterflies, 
p. 743; beetles, p. 748 ; and snails (p. 751) which cause injurj* by chewing and 
consuming foliage and fruit or chewing into the fruit superficially. 

GRASSHOPPEES 

Grasshoppers are general feeders and ordinarily are not singled out as 
citrus pests : nevertheless, like any other plant that may be in the path of 
an invasion, citrus trees do not escape damage. These insects feed voraciously^ 
on the foliage, fruit, and green bark of the twigs, and in parts of South 
Africa and the eastern Mediterranean basin the trees in large areas may be 
completely defoliated when attacked by large swarms of locusts.’ A number 
of species have been recored as damaging to citrus in various parts of the 
world. Among the more common species that damage citrus are : the desert 
locust, Schisioarca gregaria Farsk., in the Mediterranean region ; the brown 
locust, Locustana pardalina Wlk., and the red locust, Nomadocris septem- 
fasciata Sert., in South Africa ; Schistocerca paranensis Bum., in Central 
and South America; Metanoplus mexicanus (Scud.). If. devastator (Scud.). 
Oedoleonatus enigma (Scud.), and Camnula pellucide Scud., in California; 
M. mexicanus (Scud.) and M. differentialis (Thomas), in Arizona; and 
Schistocerca amcricana (Drury), in Florida. Although a few grasshoppers 
may be generally present in citrus groves, the injury done is usually of little 
consequence ; it is mainly the migratory swarms that need to be guarded 
against, and community rather than individual action is then important. 
Where an invasion of grasshoppers threatens an individual planting or a 
few contiguous plantings, as commonly occurs in California and Arizona, 
serious injury may be limited to a few outside rows of trees if the following 
methods are used. 

1) Distribute poisoned bait on the ground in a wide strip adjacent to the 
planting and between each two rows of the first three or four rows of trees. 

FORMULAS FOR BAIT* 


Coarse wheat bran 100 ponnds 

Sodinm arsenlte (32 per cent arsenious oxide) 1 quart 

Water 10 to 14 gaUens 

or 

Coarse wheat bran 50 ponnds 

Sawdust 50 pounds 

Sodium arsenite (32 per cent arsenious oxide) 1 quart 

Water 15 guUons 


Note: 5 pounds of sodium duosilicate may be substituted for the sodium arsenite in 
either of the formulas given above. 


* The migratory grasshoppers, or the phase of a species of gra^opper that becomes 
migratory, are referred to as locusts. 

* Supplied by W. H. Wright, Agricultural Commissioner, Riverside County, Cali- 
fornia, who reports effective results from the use of any of the indicated formulas. 
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The poison and the water are well mixed together and this mixture is then 
added gradually to the bran. Thorough and proper mixing is essential. The 
bait is distributed in the morning or evening, since grasshoppers feed mostly 
between temperatures of 55° and 80° F. and ascend vegetation when the 
soil is hot in the middle of the day. (For general discussion of grasshoppers 
and their control see Parker, 1939.) 

2) The first three or four outside rows of trees toward the insect invasion 
may also be sprayed or dusted with ehlordan preparations, the amount for 
an application being 1 pound of the toxicant per acre. In Arizona, according 
to Eonej" (correspondence), the regular sodium fluosilicate bran sawdust 
bait win give good results in control if the grasshopper populations are not 
too high. But if the citrus orchard adjoins an alfalfa field, baits are of little 
value, and resort to direct treatment of the trees with ehlordan is desirable. 
In Florida, benzene hexachloride, ehlordan, or chlorinated eamphene (“Tox- 
aphene”) may be used successfully on citrus trees when immediate control 
is necessary. However, judicious cultivation practices in groves where grass- 
hoppers are expected to be a problem will alleviate the damage (see Florida 
spray-and-dust schedule, p. 799) . 

KATYDIDS 

Injury to citrus by katydids occurs occasionally in many places where 
citrus is grown. In Australia, the citras green tree hopper, Caedicui' strenua 
Wlk., and the inland green tree hopper, Caedicia simplex Wlk., have become 
more or less permanent pests on citrus in New South Wales (Hely, 1945). 
In California, the fork-tailed katydid, Scudderia furcata Bru., and the 
angular-winged katydid. Microcentrum rhombifoUum Sauss, are the com- 
mon species on citrus (Horton and Pemberton, 1915). In Florida, the com- 
mon species on citrus are Crytophyllus concavus Bru. and Microcentrum 
retinerve Burm. (Watson and Berger, 1937). 

Katydids do not migrate, as many species of grasshoppers do, and most 
of the species that attack citrus pass their entire life cycle on the citrus 
trees. Both young and adult katydids feed on the foliage and the young 
fruits particularly. Small areas on the surface of the young fruits are 
gouged out, which may result either in early dropping, or bad scarring or 
other deformation when they are mature. 

Control. — Cryolite used at a concentration of 50 per cent in a dust mixture 
or used as a spray at 4 pounds per 100 gallons of water affords effective 
control of katydids in California. 

THE SO-CALLED ORANGE WORMS 

Orange worms in California. — ^Larvae of four species of small moths at- 
tack oranges in certain areas of southeim California. The term “orange 
worms” is commonly used locally to refer to these insects. The species con- 
cerned are orange tortrix, Argyrotaenia citrana (Fern.) ; pyroderces, 
Pyroderces rileyi (Wals.) ; holcocera, Holcocera iceryaclla Riley; and platy- 
nota, Platynota stultana (Wals.). Pyroderces has sometimes been referred 
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to as the “pink scavenger worm” because it is pinkish in color and has 
scavenger habits. The larvae of all four species may be found on the same 
tree. The most important ones at present, however, are the orange tortrix 
and the pyroderees. One other species, the navel orange worm, Myelois 
venipars Dyer, may be found in certain areas feeding inside of oranges in 
which some imperfection exists ; but it does not attack sound fruits. 

The principal injury caused by orange worms is essentially the same, 
from the fact that the larvae feed on, and partly in, the fruit. Fruits in a 
cluster are generally more subject to attack than single fruits, and the 
larvae commonly feed in the area where the fruits are in contact with one 
another. Many of the affected fruits drop ; and those that do not drop are 
a packing-house problem since additional expense is entailed in sorting, in 
an attempt to prevent affected fruits from being packed, and furthermore, 
a small number of fruits with .so-called “pinhole” injuries are likely to be 
packed inadvertently, with the result that decay may occur in transit. 

Orange tortrix. — This is the most important species in California. It is 
recorded from Florida and Spain but is not considered important in either 
place. 

Larvae of the orange tortrix feed more extensively on the peel and into the 
pulp of the orange than any of the other species (fig. 240) ; consequently, 
affected fruits drop relatively soon after attack, which is not so likely to occur 
when they are injured by any of the other three species. In spring particu- 
larly, the )iewly hatched larvae may roll and web together the newly develop- 
ing leaves while feeding on them. 

The principal damage from orange tortrix on navel oranges occurs mostly 
in late fall and winter. This was formerly observable of Valencias also, 
but in recent years the damage occurring in winter has generally been 
slight, exccjit in a few scattered orchards, and the late spring and summer 
damage has been of greatest consequence. The orange tortrix occasionally 
attacks lemons. (For full treatment of the biology of orange tortrix see 
Ba.singer. 1938.) 

Pyroderees. — Pyroderees, or the pink scavenger worm, has become gener- 
ally abundant on oranges in Orange County. California, since 1939. Although 
it is predominantly a scavenging insect, definite evidence .shows that it does 
feed on sound oranges still on the trees (Boyce, Korsmeier. and Dickson, 
1944). There is a po.ssibility, however, that its feeding on the fruits may be 
accidental. When infestations are lieaA'y, the larvae are A'ery numerous on 
the fruits; in fact, as many as twenty liaA-e been observed in one mass of 
debris Avebbed on a single orange. When they occur in such numbers, appar- 
ently only one or tAvo of the larvae present may feed on the fruit. Laboratory 
studies have corroborated field evidence that pyroderees larvae may, at 
various times in their development, feed on the peel, and sometimes iuAvard 
as far as the albedo, of ripe Valencia oranges. 

Feeding by the pyroderees larva is faii-ly distinct from that of the orange 
tortrix : under field conditions, it genei-ally makes one or more small shalloAV 
holes in the orange peel. The holes rarely extend into the albedo. 
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Fig. 240. Orange tortrix, Argyrolamia cilraiia (Fern.). Adult fniuile, iiuile, eggs, larva, 
pupa, and typical injury by larva on orange fruit. (After Hasinger.) 


Holcoccra . — Injury by holcocera larvae resembles that, eanaed by pyro- 
tlerees. Likewise, the holcocera larvae have seavcnjrer tendencies, thoufrh 
less marked. Holcocera thrives best on “dirty” trees, such as re.sidt from 
heavy infestations of mealybugs. This species has not been of mncli imiior- 
tance in recent years except in an occasional Valencia grove. 

Platunota . — Platynota is the least common of the four species of orange 
worms. It is doubtful that this imseet causes inipmdant economic damage 
to citrus. 
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Control. — Cryolite is the most effective material for practical control of 
orange tortrix and holcocera. However, cryolite does not offer promise of 
effective control of pyroderces. 

The control of orange tortrix on navels is much simpler than on Valencias. 
The cryolite treatment applied on navels in the period from May through 
August usually affords positive and highly satisfactory results. For max- 
imum insurance against orange tortrix damage on Valencia oranges, it is 
necessary to apply a treatment in the fall to protect against drop during 
the winter season, and another treatment in May or June to protect against 
drop during the summer season. When treatment in the fall is necessary 
or desirable, either a spray incorporating the cryolite with the regular oil 
spray for scale insects should be applied, or a spray ti'eatment of cryolite 
should be given after the oil spray has been applied. Under no circumstances 
should cryolite he added to the regular oil spray treatment without approval 
of the manufacturer of the oil being used. 

In the spring treatment, applied in late May or early June, a dust mixture 
containing 50 per cent cryolite used at 1 pound per tree is most commonly 
employed; however, a spray application of crjmlite, at 3 pounds per 100 
gallons of water, is somewhat more effective. 

Cryolite may be satisfactorily incorporated with DN-Dust as a dust 
treatment for the combined control of orange tortrix and citrus red mite 
(spider). The proprietarj' preparation DK-Dust D8 with cryolite has been 
generally used as a spring treatment for this purpose. When DN-111 is used 
in a spray treatment during the spring season for control of citrus red 
mite, cryolite may be added to the spray mixture, using a dosage of 3 pounds 
of cryolite per 100 gallons. 

It is difficult to judge whether treatment for control of orange tortrix is 
justified at a time when maximum results would be obtained. In fact, no 
entirely satisfaetorj' criterion is at present known. Therefore, except in those 
groves which have a history of annual losses from the activities of tortrix, 
or in which an infestation is heavj' enough to require control measures, 
treatment must necessarily be viewed as an insurance problem. (For further 
information on control of orange worms see Boyce and Ortega, 1947.) 

CiTRns Flower Moth, P.rays citri Mil. 

The citrus flower moth often injures the blossoms and yoiing fruits of 
lemons, in Sicily particularly (Quayle, 1938&). It occurs throughout the 
Mediterranean region, and in Ceylon, India, the Philippines, and New South 
Wales. The blossoms of all citrus varieties are subject to attack. The larvae, 
tmineling in the flower, damage most of the floral parts directly, and they 
also web the parts together. 

A related species in Malaya, Prays endocarpa Meyr., does not attack the 
blossoms, but feeds entirely upon the fruit. The newly hatched larvae bore 
into the fruit, and a gall-like swelling develops on it at the point of entry. 
When the larvae are numerous the infested fruit has a knotty appearance 
(Padgen, 1931; Clausen, 1933). 
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Fruit-tebe Leap Eollee, Archips argyrospila (Wlkr.) 

The fruit-tree leaf roller is occasionally damaging to oranges in a limited 
locality in Tulare County, California (Woglum and Lewis, 1947a). The 
larvae, upon hatching in tlie spring, roll and web the newly developing 
leaves together and consume part or all of the leaf tissue. In severe infesta- 
tions most of the flush of spring growth may be severely injured or destroyed. 

Control. — A 2 per cent DDT plus 85 per cent sulfur dust, or a 5 per cent 
DDT-talc dust, were effectively used in control of this insect in 1947 (Wog- 
lum and Lewis; 1947a) . 

Bollwoem, If eliotfeis armigera (Hbn.) 

The bollworm, also called the cotton bollworm, the corn earworm, and 
the tomato fruitworm, and often referred to in the literature as Heliothis 
obsoleta Fabr., is one of the important citrus pests in South Africa and 
Ehodesia, where apparently it had been present for some thirty years prior 
to its first attack on citrus, about 1925. It became destructive of citrus soon 
after the beginning of cotton growing in that part of the world (Jones, 
1936). The eggs are deposited, in late August and September, on. the blossom 
buds, blossoms, and leaves. Upon hatching, the young larvae feed on the 
unopened blossom buds, the open blossoms, the young fruit, and sometimes 
on the young foliage. A single larva wandering about may seriously injure 
or destroy many blossoms and young fruits. If injured young fruits do 
not drop, they may be so badly scarred that they are either reduced in 
grade or unfit for export. When infestations are abnormally severe the crop 
may be a total loss. In Valencia orange groves in which the mature crop 
of fruit has not been picked before the blooming period, and hence before 
the infestation of the bollworm, the mature fruit may be severely damaged. 
In fact, the large bollworm larvae may entirely consume a mature orange 
(Hamersma, 1943). 

Control. — Cryolite and sodium fluosilicate afford satisfactory control 
(Roux, 1938). 

CUTWORMS 

A number of species of cutworms are occasionally of localized importance 
on citrus. It is not uncommon for cutworms that are feeding on the cover 
crop in a citrus orchard to move to the trees when the cover crop is worked 
under. Sometimes there are migrations from adjoining areas into citrus 
orchards. An appreciable amount of damage is done to the fruit, especially 
on the lower branches of the trees. 

Xylomyges cunalis Grote and Parastichlis purpurea var. crispa were 
abundant on oranges in 1934 and 1935 in a limited locality in Tulare County, 
California. Cryolite dust afforded effective control. 

LEAF-EATING BUTTERFLY LARVAE 

A large number of species of swallowtail butterfly larvae, commonly 
called “orange dogs,” feed on the foliage of citrus throughout the world. 
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They are fairly large when mature, and many of them are colorful. When 
disturbed, the eaterpiller ejects from the region behind its head a two- 
pronged hornlike process (osmeteria) from which is emitted a disagreeable 
odor. When the larvae are fairly abundant on the trees at fruit-pieking time, 
the odor is very objectionable to the pickers. The larvae consume the foliage ; 
in many citrus-growing areas of the world, trees, especially young ones, 
are at times defoliated. The lemon butterfly, Papilio demoleus Linn., is con- 
sidered the most important leaf-feeding insect in India. When, in 1940 and 
1941, serious outbreaks occurred in the Central Provinces, some orchards 
were completely defoliated (Hayes, 1945). Hand picking of the caterpillars 
and eggs of this species is practiced for control. This species is also of 
importance in China, Formosa, Malaj'^a, and Burma. Papilio polymnestor 
Cram, and the citrus leaf eatei-pillar, Polytes Linn., are also important species 
in India and China particularly. Papilio anacfus W. S. M. and P. aegeus Don. 
attack citrus in Australia; P. maehaon Linn., in Palestine; P. anchisiades 
Esp., P. crassus Cram., and several others, in Central and South America ; 
P. cresphontes Cramer, in Mexico and Florida; and P. zelicaon Lucas, in 
California (Quayle, 19388). 

BEETLES THAT EAT THE FOLIAGE, FRUITS, AXD ROOTS 

A large number of beetles, principally weevils or snout beetles, attack 
citrus throughout the world. Generally, the adults feed on the citrus tree 
aboveground and the larvae develop on the roots. Since the adults of many 
of the species of weevils are incapable of flight, a bai-rier placed around 
the trunk of the tree to prevent the beetles from gaining access to it is 
often useful in control. Among the more common or important species are 
the following. 

Fulijir’s Rose Beetle, Pa»toi(non/sjfod»?iani (Crotch) 

Fuller’s rose beetle is a grayish brown beetle, about one-third inch long, 
commonly observed on citrus foliage on the lower parts of mature trees or 
on all foliage of young trees. Characteristically, it eats away the edges of the 
leaves (fig. 241). The larva is a yellowish-white curved grub which feeds on 
the roots of citrus trees and other plants, eating away shallow surface chan- 
nels, an injury which when general is important. The most serious injui-y is 
done to young trees, particularly their foligae. The beetle occurs on citrus in 
many countries. 

Life history. — The eggs, in masses of from 10 to 60, are laid in crevices 
in the bark of citrus trees and under the calyx of the fruit. The larvae, 
upon hatching, go immediately to the ground, where they live until the 
following year (Quayle, 19386). After pupation in the soil, the beetles 
emerge the following summer. 

Control.— Wlien injury to old trees requires treatment, the lower half of ' 
trees on which the beetles feed may be dusted with a 50 per cent eiyolite 
dust or may be sprayed with cryolite, using 3 pounds to 100 gallons of water. 

For small trees, such as interplants, cryolite dust or spray may be used, 
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or, since the beetles cannot fly, a barrier may be placed around the trunk, 
preventing them from ascending the tree. Those that may already be on 
the trees should first be shaken off. The barrier may consist of a sticky 
banding material, Avhich should not be applied to the tree directly, but over 
a coating of such material as grafting wax, or over a paper band. 



Fig. 241. Injury caused by Puller rose beetle, Paniomorns godmani (Grotcli) ; adults 
feeding on foliage. (After Quayle, 1938&; courtesy Comstock Pub. Co.) 


DDT in both dust and spray formulations is highly effective for control 
of this beetle, but the general use of this material on citrus cannot yet be 
recommended. 

Citrus Snout Beetle, Sciohius granosus Fahr. 

The citrus .snout beetle is apparently indigenous to Natal, South Africa, 
where it was first observed on citrus in the Muden Valley in 1931. It has 
since become an important citrus pest in parts of the Transvaal and Natal. 


750 Citrus Industry: Production of the Crop 

The adult is about one-half inch long, dull brown in color, and the wing 
covers are rugose. Adults are not able to fly. They feed mostly at night, 
preferring the foliage and young leaves. Larvae develop on the roots, essen- 
tiallj" feeding on the soft bark of the root (Matthew and Eoux, 1936). 

Control, — The control program for this insect is somewhat complicated. 
Among the procedures followed are : clearing brush and undergrowth from 
riverbank areas adjoining orchards ; maintaining a clean, cultivated barrier 
zone throughout the summer; placing special barrier collars and traps on 
the trunk of the tree ; jarring the tree to displace beetles, and collecting them 
on canvas placed beneath the tree; and maintaining trap-crop “clumps” 
(2 feet square) midway of each four trees, poisoning the beetles in the 
“clumps” with cryolite or sodium fluosilicate, and treating the trees with 
cryolite or sodium fluosilicate. (For details of the control program see 
Matthew and Roux, 1936.) 

Citrus Root Weevil, Pachnaeus litus (6er.) 

The citrus root weevil occurs on citrus in Florida, but is considered of 
importance mainly on limes on the Florida Keys (Watson and Berger, 
1937). The adults feed on the blossoms and leaves; the larvae, on the roots. 
According to Wolcott (1933), this species is the most common and injurious 
one of a number of related species attacking citrus in Cuba and Jamaica. 
There, it also attacks the young fruits, and the feeding scars become more 
pronounced as the fruit matures. 

Control. — Hand picking is practiced for control in the West Indies. 

Dicky Rice Weevil, Maleuterpes phytolymus Olliff 

The dicky rice weeiul is injurious to oranges in Australia, where it attacks 
the fruit, foliage, and roots. The most serious injury is caused by the adult 
weevil 's feeding on the rind of young fruits. A network of furrows is eaten 
out of the rind and these turn black by the time the fruit is ripe. The larvae 
develop in the soil, feeding on the roots (Woodhill and Allman, 1927). 

Control. — ^Banding the trees with a sticky material ju.st before the fruit 
sets is practiced for control. 

Apple Root Weevil, Leptops squalidus Boh. 

This weevil was recognized in 1928 as a serious pest of citrus in a limited 
locality in New South Wales. The principal injury is caused by the larvae, 
feeding on the roots. The adults feed on the young leaves. (Woodhill, 1929.) 

Control. — Banding the trees with a sticky material is useful in control. 

Weevil, Hypomeccs squamosus Fah. 

This weevil occurs generally throughout the Dutch East Indies, in Asia 
from Malaya to India, and on Formosa. According to Clausen (1933), it is 
the most injurious of all leaf-feeding insects on citrus in Malaya. It is 
especially injurious on young trees, particularly on the pummelo. The beetles 
congregate in large numbers and eat characteristically shaped sections from 
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the edges of the young leaves, depositing numerous pellets of excrement on 
the surface. 

Western Spotted CucrMBER Beetle, Diabrntica nndecimpunctafa Mann. 

The western spotted cucumber beetle occasionally attacks citrus trees in 
restricted areas in California. It feeds on the leaves, blossoms, and young 
fruits. A skeletonized and ragged effect is produced on the leaves and some- 
times on the petals, in the blossom period, and small areas of the young 
fi’uits are scarred or gouged out. The beetles come mostly from native 
grasses and weeds, which upon drj'ing in the spring induce the migration 
to the citrus orchards. Lemon foliage is only rarely atlacked. The beetles 
are greenish with twelve black spots on the elytra or wing covers. The larvae 
live on the roots of various plants. 

A related species, the banded cucumber beetle, Diabroiica balteata Lee., 
is commonly found on citrus in association with D. iindecimpunctata, and 
causes similar injury. 

Control . — When necessary, the beetles of both species may be satisfactorily 
controlled by dusting with a 50 per cent cryolite dust or by spraying with 
cryolite, using 3 pounds per 100 gallons of Avater. DDT is also effective in 
control, but its general use cannot as yet be recommended. 

Striped Cucumber Beetle, Diairotica inttato, (F.) 

The striped cucumber beetle attacks citrus trees in Florida and other 
Gulf states. It is similar to the Avestem species in its attack on citrus and 
in its life history. It does not thrh'e in sandy soils in Florida and hence 
is not important Avhere most of the citrus is groAvn in that state. It occurs 
in injurious numbers in the Satsuma belt and in the Everglades (Watson 
and Berger, 1937). 

SNAILS 

In parts of California, particularly in coastal localities, the European 
broAvn snail. Helix aspersa Miiller, is an important pest on citrus. Formerly 
the AA'hite snail. Helix pisann Miiller, Avas also important, but it has been 
eradicated (Basinger, 1927). This species is Avidely distributed over Europe 
and Africa, where it attacks citrus. Slugs of several species are present in 
citrus orchards, but they arc not considered important. 

European Broavn Snail, Helix aspersa Miiller 

This snail is Avidely distributed over the Avorld. In California, in certain 
seasons, it causes serious damage to citrus. All stages of the snail eat holes 
in the leaves and make shalloAV pits in the fruit (fig. 242). They feed 
principally during periods of high humidity, and Avhen not feeding they 
usually congregate on the trunk and larger limbs of the tree. 

Life history . — The spherical white eggs are laid in masses in the ground 
at a depth of 1 or 2 inches. Since these snails arc hermaphroditic, after 
fertilization any individual may lay eggs. About tAvo years are required 
for their complete development (Basinger, 1931). 
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Control . — The most commonly used method of control is to apply to the 
tree, by hand or by a power blower, a bait of calcium arsenate and bran. 
Or, the bait may be broadcast on the soil beneath the trees. About % pound 
per tree is applied, irrespective of the method of application. The commonly 
used formula is 6 pounds of calcium arsenate per 100 pounds of coarse- 
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than either of the materials used alone. Spraj'^s of tartar emetic and sugar — 
2 pounds tartar emetic and 4 pounds ■white or hro'wn sugar per 100 gallons 
water, 3 to 4 gallons of this mixture being sprayed uniformly on the outer 
parts of the tree — afford effective results in killing the small and half-grown 
snails particularly (Persing, 1944). Treatment ■\vith any material for snail 
control should be made when the snails are active, which is in warm, damp 
weather. 

Group III 

Fruit flies (below) and moths (p. 760) the larvae of which cause injury by 
feeding entirely -within the fruits. 


FEUIT PLIES 

At least seven species of fruit flies are important pests of citrus in various 
countries, the Mediterranean fruit fly being the most widely distributed 
though not everywhere the most destructive. At present (1948), only one 
species, the Mexican fruit flj', is known to occur sporadically in tlie United 
States. 

Mediterranean Fruit Ply, Ceratitis eapitata (Wied.) 

The Mediterranean fruit fly is an important pest of citrus in the Medi- 
terranean region. South Africa, and Australia, where conditions are similar 
to those of much of the citrus-growing areas of California. It is also impor- 
tant in Brazil. The adult fly is a little smaller than the house fly. There are 
two white bands on the yellowish abdomen, black areas on the thorax, and 
yellow, black, and bro-nm markings on the wings (fig. 243). The wings are 
normally held in a drooping position. 

Life history . — The eggs are white, 1/27 inch long, and pointed at each end. 
They are deposited in a cavity in the rind or beneath the skin of the fruit 
(fig. 244). The larva, when fully grown, is a little more than % bich long 
and ordinarily of a cream color. It is sluggish in its movements, but when 
fuUy grown it has the habit of arching its body and from this position is 
capable of springing as far as 4 or 5 inches. The posterior spiracles may be 
seen as six oval-shaped, brown structures. They are arranged in two groups 
of three, set opposite one another, and are flush with the surface rather 
than on the end of short stalks as in certain dipterous scavenger larvae. 
The larvae hurrow directly into the pulp of citrus fruits and remain for 
10 days to 3 weeks, when they go into the soil for pupation. The pupa some- 
what resembles a swollen grain of wheat in appearance. It is of a straw to 
dark-brown color and transversely ringed. The adult fly, upon emerging, 
feeds on fruit and plant juices for several days before depositing eggs. 
This is the vulnerable period in the life cycle, when it may be killed by a 
poisoned-bait spray. 

There are more than 100 different hosts, but the preferred fruits are the 
peach, nectarine, orange, grapefruit, apricot, and pear. These are not 
attacked until a certain stage of maturity is reached. Infested fruits are 
detected by a small slit in the surface, which afterward enlarges as the 
larvae continue feeding. 
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General considerations . — Conditions favorable to the fruit fly are found 
in regions of mild winters and where there is a sequence of host fruits 
(tjuayle, 19386), for example, in much of the citrus area of the Mediter- 
ranean Basin, South Africa, and Au.stralia. Favorable conditions also occur 
in California and the Gulf states of the United States: but this fruit fly 
is not now known to exist in these areas. An outbreak of the fruit fly did 
occur in Florida, however, in 1929. A vigorous campaign eliminated the fly 
almost within the same year; there was one light infestation in 1930 (for 
a full account of it sec Newell, 1931), but the fly has not been found in 



Kig, 244. iloilsterranean fruit tiy, Cerutitis capilata (Wied.). Ahovr, hoies iiidieuting egg 
euvities in peel of gr;q)efnnt; licfow. larvae on Ir/t and ])uj).ac on ripJif (after Wooten) ; 
t'xJrrmc riplit, section of orange siioning larvae and injury caused by tlieir feeding. 


Florida since. Considering the wide distribution and the extent of attack, 
particularly on grapefruit, the campaign against it was one of the most 
successful eradication campaigns in the history of economic entomology. 

The ilcditerranean fruit fly is not so serious a pest on citrus fruits as on 
some of the deciduous fruits, such as the peach, because in the infested areas 
most citrus fruits mnture in the winter and it is only the mature fruits 
that are subject to attack by the fly. At Valencia, Spain, for example, the 
fly begins to attack some of the eai'Iy-maturing oranges in October, Novem- 
ber, and December. By December the cold weather causes the (adult) ti.v 
to disappear, and it docs not reappear again until the following June. When 
the fruits become fully mature, therefore, from December, to June, the 
fruit fly in the Valencia section is inactive. When it becomes active again, 
almost all the fruit has been harvested. In some of the warmer parts of 
Spain, however, there is a slight attack of fruit fly in the spring before 
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all the frnit has been harvested. In the eastern Mediterranean basin — in 
Egypt, for example — the fruit fly is more or less active throughout the 
winter months, and consequently there is a more severe infestation of the 
fly under conditions obtaining in Egypt than under those obtaining in 
Valencia. In the Mediterranean area, only a small amount of summer- 
maturing citrus fruit is as yet produced. Summer-maturing fruits could 
not be grown successfully in areas where the Mediterranean fruit fly occurs 
unless control measures were resorted to. Valencia or summer-maturing 
oranges are grown in South Africa and in Australia, but they do not 
remain on the tree so long through the summer and fall in those regions 
as they do in California ; consequently the injury caused by the fly is less 
in those countries than it probably would be in California if the fruit fly 
should become established in this State. Of the citrus fruits the grai)efruit 
seems most susceptible. The lemon is rarelj' attacked and is of no economic 
consequence as a host. The fly has been found in the lemon only when the 
fruit was more or less broken down by decaj\ It was fonnerlj" held that 
the larva of the Mediterranean fruit fl}' could not exist in the lemon because 
of that fruit’s acidity ; but it has been shown that if larvae are taken in any 
stage from other fruits and placed in a green lemon, development will 
continue without interruption (Quayle, 1914). 

Control . — In the countries around the Mediterranean, traps and lures 
were for many years resorted to, in attempts to capture the adult flies ; but 
such means of control are less satisfactory than the bait sprays now in 
general use. The original Mally bait spray, as used in South Africa, was 
compounded as follows ; arsenate of lead, 5 pounds ; sugar, 60 pounds ; water, 
100 gallons. 

The bait used in the Florida campaign of eradication was: arsenate of 
lead, 4 pounds (later reduced to 2 pounds) ; crude brown sugar, 25 pounds; 
molasses, 5 gallons; water, 100 gallons. Research in connection Avith the 
Florida campaign shoAved that copper carbonate Avas a satisfactory substi- 
tute for lead arsenate in the bait spray (Miller and McBride, 1931). 

In South Africa, control measAires employ the use of indicator traps, 
containing a lure of “Clensel” or of terpinal acetate, Avhich seiwe as a guide 
to the timing of applications of the poison bait. The bait used is : sodium 
fluosilicate, 1 ounce; AA’hite sugar, 2 pounds; water, 4 gallons. About 12 
ounces of this bait mixture is syringed oAmr each tree in such a manner that 
it is present on the leaves in small droplets. When large trees are treated, 
the material is applied from four directions. Orchard sanitation is also 
]-ecommended (Naude, 1942&). 

Mexican Fruit Fl.t, Anastrepha hideiis (Locav) 

The Mexican fruit fly is an irapoidant pest of citrus, mangoes, and other 
fruits of Mexico (CraAvford, 1927). It also occurs in Central America. About 
1903 it became established near BroAA-nsville, Texas, but apparently it Avas 
eliminated there in 1905 by freezing weather. In 1927 it Avas again found 
in the Rio Grande Valley of Texas, and an eradication campaign Avas 
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undertaken by the U. S. Department of Agriculture (Mackie, 1928). Appar- 
ently it “was eradicated from Texas several times in the ensuing decade, only 
to reappear principally by natural spread from Mexico. The fact that 
this species can thrive in the lower part of Texas is a reasonably certain 
indication that it could become established in parts of citrus areas in Cali- 
fornia ; it has not yet been found, however, in this State. 

The adult of the Mexican fruit fly is larger than the house fly and has 
conspicuous markings of yellow or brown, or of both colors, on the body 



Fig. 245. Mexican fniit fly, Anastrepha ludens (Loew) ; larva, pupa, aud adult. 

(After Quayle, 19386 ; courtesy Comstock Pub. Co.) 

and wings (fig. 245). The female is especially conspicuous because of the 
long, slender projection terminating the abdomen in which is contained the 
organ for piercing fruits in order to deposit eggs in them. 

All exhaustive study of this species has been made in Mexico by A. C. Baker 
and his co-workers in the U. S. Department of Agriculture (see Baker et al., 
1944). 

Control . — In the eradication campaign in Texas, measures employed suc- 
cessfully were removal of all other hosts than citrus, maintenance of a host- 
free period with relation to the presence of citrus fniits in a susceptible 
stage, trapping, and poison-bait spraying. An additional regulatory measure 
is heat sterilization of the fruit for interstate shipment. According to Friend 
(1946), '‘Fruit flies are occasionally found in valley orchards during the 
latter part of the fruit year, but loss due to these pests is very small. ’ ’ 
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South American Fruit Fly, Anastrepha fraterculus (Wied.) 

Anastrepha fraterculus (Wied.) was formerly known as the West Indian 
fruit fly. However, this species is now known to be native to South America 
(Stone, 1942; Baker et al., 1944), where it attacks the sweet orange. The 
West Indian fruit fly is A. momiinprasoptans Sein. It occurs commonly in 
the West Indian region, but is not listed as attacking the sweet orange, 
although the grapefruit and the sour orange are listed as hosts (Stone, 1942). 
An interesting complex of species in the genus Anastrepha occurs in Mexico, 
the West Indies, and South America; the excellent studies of Stone (1942) 
and Baker et al. (1944) on its morphology, biology, and host relationships 
have contributed much valuable information about it. The South American 
fruit fly is of importance on citrus in Brazil, Argentina, and Peru, and 
possibly elsewhere on that continent. It was introduced into the Azapa 
Valley of Chile apparently from Peru, but was ultimately eradicated in 
Chile as the result of a vigorous campaign extending over a period of ten 
years. 

The general aspects of the biology and control of this fruit fly are similar 
to those given for the Mediterranean fruit fly. 

Natal Fruit Fly, Pterandrus rosa (Ksb.) 

The Natal fruit fly is a little larger than the Mediterranean fruit fly, but 
in all essential respects the life histories of the two are similar. The Natal 
fruit fly, which attacks oranges in certain regions of the Union of South 
Africa, attacks other fruits in preference to citrus, and is a serious pest 
of such fruits in certain parts of Natal. 

Control. — Essentially the same lures and poison baits are used in control 
of the Natal fruit fly on citrus as are used against the Mediterranean fruit 
fly. Studies of these means of control have been conducted by Ripley and 
Hepburn (1929a, 1929&, 1931, 1935). 

Queensland Fruit Fly, Strumeta ( Chaetodacus) tryoni Frog. 

The Queensland fruit fly is of importance on citrus in Queensland; how- 
ever, it is much more important on other fruits (Jarvis, 1926). The general 
biology of the species is similar to that of the Mediterranean fruit fly. Usually, 
the late-hanging Valencias are most subject to attack by it. Where the female 
has punctured the rind and deposited eggs, or has inserted the ovipositor into 
the rind without depositing eggs, there may be characteristic “stings" (New 
South Wales Dept. Agric., Entom. Branch, 1945). As a result of these 
“stings," on lemons particularly, there is a gummy exudation and decay 
often occurs. 

Control. — Proper orchard sanitation, that is, the collection and suitable 
disposal of fallen fruits, is essential to success of the control program, which 
also includes the apxilieation of poison baits on the trees. The poison baits 
are: sodium fluosilicate, 2 ounces; white sugar, 2% pounds; water, 4 gallons. 
Tartar emetic may be substituted in equal amounts for the sodium fluosilicate. 
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Japanese Orange Fruit Fey, Dactis tsmieonis ilikaj’e 

The Japanese fruit fly occurs only in part of the island of Kiushu, Trhere 
it is an important pest of oranges. Apparently it is a native insect (Clausen, 
1927). 

Control. — Infested fruits are collected and destroyed, and the flies also 
are collected, under the supemdsion of government officials (Clausen, 1927). 

Fokhos.an Fruit Fly, Chactodaeus ferrugineus var. dorsalis Hendel 

This fruit fly vas considered by Clausen (1933) to be the most common and 
widely distributed species of fruit fly attacking citrus in tropical Asia. He 
recorded it from Formosa, the Philippine Islands, Burma, and India. In 
Formosa, according to Shiraki (1934), it is usually a very minor pest. In 
May, 1946 (Pemberton. 1946). there was found in several of the Hawaiian 
I.slands an introduced species of fruit fly. Dacus dorsalis (Hendel). which is 
commonly referred to as the mango fly or the mango fruit fly (fig. 246). At 
present it is not known whether this is the same species as the Formosan 
fruit fly. According to Iloldaway et al. (1947), the fly occurs on the five main 
islands of the Territory. It is known to attack thirty-six different fruits in 
Hawaii. Although it attacks citrus there, it is much more abundant on other 
hosts, such as the mango, avocado, papaj'a, banana, guava, and fig, among 
others. 

FRUIT-IXHABITING LARVAE OF MOTHS 

There are a number of species of moths the larvae of which feed and develop 
entirely within citrus fruits. Two of these species in particular are important 
pests abroad. 

False Codling Moth, Argyroploce leucotreta Meyr. 

The false codling moth is one of the important pests of citrus in the T''’nion 
of South Africa and in Rhodesia (Gunn, 1921; Ford. 1934). It is a native 
insect that has adopted citrus for a host. It is similar in appearance and in 
habits to the true codling moth, Carpocapsa pomonella (Linn.), a world-wide 
and important pest of pome fruits. The eggs are deposited mainly on the 
orange fruit, but some are also placed on the leaves and twigs. As many as 
thirt.v eggs may be deposited on one fruit. T"pon hatcliing, the larva enters 
the fruit, burrowing directly toward the center. It feeds entirely within the 
fruit and completes its development in about thirty-five days. Immature and 
even very young fniits are subject to infestation. A characteristic of the 
burrow in the fruit is the presence of frass, which distinguishes it from the 
burrow made by larvae of the Mediterranean fruit fl.v. The feeding of the 
false codling moth larvae causes the orange to color prematurely, and to 
drop prematurely also. Premature coloring induces earlier attack by the 
Mediterranean fruit fly. Pupation occurs in the soil. There are three genera- 
tions in a year. 

Control. — ^All fallen fruits should be collected and destroyed at least once 
a week from Xovember until the crop is picked. Also, the prematurely col- 





Pig. 246. The Mango fi nit flv. Dncax itomalix (Hoiidcl). Upper, adults on orange; 
lower, orange fruit infested ivitli larvae, (Photos courtesy P. G. 1-Ioldaway, Univer- 
sity of Hawaii.) 
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ored fruits should be picked off the trees. It is essential that infested fruits 
be disposed of in such a manner that no larvae may escape. The fruits should 
be buried deeply in the ground, so that no fruit is less than two feet from the 
surface of the soil, or they should be completely submerged in water for at 
least seven days (Naude, 1942ffl). 

Moth Borer, Ciiripcstis sagittiferella Moore 

The moth borer occurs in Malaya and the Dutch Bast Indies. According 
to Clausen (1933), it is by far the most injurious of all the insects that 
attack citrus in tropical Asia. The orange, lemon, lime, and pummelo are 
attacked, the pummelo being most susceptible. Infestations on pummelo may 
be complete, with loss of the total crop. 

The small sealelike eggs are deposited singly or in small groups on fruit 
of any size. Upon hatching, the larvae penetrate the rind, and during the 
first instar feed on the rind only. They develop subsequently within the pulp 
of the fruit, throughout which they make their tunnels, lining their burrows 
with silk webbing. Brass is pushed out to the surface of the fruit ; when the 
pummelo is infested with a rather large number of larvae, it may accumu- 
late at the opening in amounts that hang for an inch or more. The life cycle 
from egg to adult is from 23 to 30 days. When the larvae are mature, they 
leave the fruit and enter the soil beneath the tree, where pupation occurs 
within a cell (Clausen, 1933). 

Control. — ^Pagden (1931) suggests the use of stomach-poison spray and 
the collection and destruction of the infested fruits, or the collecting and 
caging of the fruits in such manner that the parasites may escape from the 
cage. 

Bagging the pummelo fruits to prevent infestation is practiced; however, 
it is impractical to bag the smaller fruits such as the orange, lemon, and lime 
(Clausen, 1933). 

Navbij Orange Worm, Mydois venipers Dyer 

The navel orange worm is not considered of importance as a pest of citrus 
anywhere. LarA'ae of this insect may be found in Arizona, southern Califor- 
nia, and Mexico, feeding within partly decayed navel, Valencia, and seedling 
oranges. It is typically a scavenger insect, so far as it infests citrus fruits 
(Glick, 1922; Woglum, 1946a). 

Group IV 

Beetles (below) and larvae of moths (p. 764) which cause injury by boring 
into the woody parts of the tree or by mining (tunneling) in the bark or 
leaves. 

BEETLES 

In various countries, there are many beetles that bore into the woody parts 
of citrus trees, but they are rarely of significance. Perhaps the most gener- 
ally important species occur in the Orient. These are the citrus trunk borer 
and the citrus bark borer. 
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Citrus Trunk Borer, Melanauster chinensis Forst. 

The citrus trunk borer is an impoi’tant pest of citrus in China, Formosa, 
and Japan. Clausen (1927) reports it as the most important insect attacking 
citrus in one section of southern China. As a result of the boring of the larvae 
in the wood the entire tree may be killed. The eggs are deposited in the bark 
of the trunk near the ground, and the larvae, upon hatching, bore into the 
trunk and roots. Only a few larvae may cause the tree to die. In Formosa, 
Shiraki (1934) indicates that there is one generation per year. 

Control. — In China, the control method that has been practiced is to insert 
a wire into the burrow and twist it about until the larva is located and killed. 
In Japan, the adult beetles are collected by children (Clausen, 1927). In 
Formosa, the control procedure is to destroy the eggs or grubs and collect 
the beetles, and to prevent egg deposition by applying a whitewash to the 
tree (Shiraki, 1934). 

California Prionus, Prioniis californicus Mots. 

This beetle has caused the death of a number of citrus trees in the vicinity 
of Phoenix, Arizona. Although its attack on citrus is not generally severe 
enough to justifj' consideration of the insect as an important pest, the spec- 
tacular appearance of the beetle and its feeding on citrus arc worth mention- 
ing. The adult is more than 2 inches long and is of a dark, reddish, shiny 
brown color, with three sharp toothlike projections at the margin of each 
side of the thorax. The full-grown larva is about 3 inches long and has the 
appearance typical of a grub. The larvae bore in the trunk just below 
the surface of the ground. This species commonl}' attacks ash trees, and the 
affected citrus trees have been close or near to heavily infested ash trees. 

Control. — Usually, the infestation of citrus trees is not noticed before thej'^ 
are very seriously affected. Probing for the larvae with a wire is a method 
used in control. 

Lime-Tree Borer, Chelidonmm cinctum Guer. 

The lime-tree borer occurs only in India, where it is a serious pest of the 
lime particularly, although it attacks other citrus species also. Injury is 
caused when the larvae bore into the new growth. The eggs are deposited on 
the bark of the young growth. On hatching, the larvae enter the twigs and 
make a spiral tunnel around the twigs and into the pith. The twigs are weak- 
ened and readily broken at the point of injurjL Removal of infested twigs is 
the method of control practiced (Murthi, 1922). 

Citrus Bark Borer, Agrilus occipitalis Esch. 

The citrus bark borer is considered the most important pest of oranges and 
lemons in the Philippine Islands. When infestations are heavy, young trees 
may be killed. Injury is caused when the larvae mine (tunnel) under the 
bark of twigs and branches. The adult beetles eat out areas of eharacteristic 
shape from the margin of tlie leaves. The eggs are deposited in cracks and 
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injured areas on the twigs and branches. Upon hatching, the larvae mine 
under the hark, an operation which is early evidenced by the exudation of 
sap (Clausen, 1933). 

Control . — Tan (1925) recommended as measures of control the daily col- 
lection of beetles, spraying at monthly intervals with lead arsenate or calcium 
arsenate, and painting the trunk and brandies with concentrated lime sul fur 
to help prevent the beetles from laying eggs. 

Black and Red Leaf Miner, Throscoryssa citri Maulik 

Black and red leaf miner is the common name for this species of beetle in 
China, where it is noiv considered an important pest of citrus. The first 
account of this insect is given by Clausen (1931) as a result of his studies of 
it in Assam, India, where it almost completely destroyed foliage on some 
trees each year. The eggs are deposited mainly on the under sides of new 
leaves. Upon hatching, the larva enters the leaf tissue and mines in a serpen- 
tine pattern, consuming the leaf tissue between the upper and lower surfaces. 
The larva has the habit of abandoning one mine and beginning another on 
the same or another leaf. As the result of its feeding in this manner, the entire 
leaf tissue between the upper and lower epidermal cells may be destroyed 
(Clausen, 1931). When mature, the larvae go to the soil, where pupation 
occurs. There is but one generation in a year. The adult beetles feed gregari- 
ously, eating irregular areas from the margins of the young leaves. 

LEAF-MINIXG LARVAE OF MOTHS 

There are a number of species of small moths the larvae of which make 
mines or tunnels in the leaves and green twigs or in the peel of fruits of citrus 
(fig. 247). In most citrus-growing areas it is not uncommon to note the pres- 
ence of a conspicuous serpentine mine. With the exception of the mines pro- 
duced by the citrus leaf miner, Phyllocnistis citrella Staint., their occurrence 
on the leaves and green twigs is of no consequence, and on the fruits only 
rarely so. IIoAvever, a small jn'opoi'tion of a grapefinit crop may occa.sionally 
be reduced in grade the presence of the.se mines. 

Citrus Leap Miner, Phyllocnistis citrella Staint. 

The citrus leaf miner is of importance on citrus in the Orient, particularly 
where, according to Clausen (1931), it may be found in greater or lesser 
numbers on nearly every tree. It is generally abundant in China, Japan, For- 
mosa, Siam, the Federated Malay States, and India. It is found in other areas 
of the Orient also, and in Australia and at Capetown, South Africa. The 
larvae sometimes mine in the green bark of the young growth, but injury is 
mainly caused when they mine in the leaf between the upper and lower sur- 
faces. The serpentine mine produced is characteristic and conspicuous. As a 
result of the leaf mining, the leaves curl somewhat as they do from the effects 
of attack by aphis. According to Kurisaki (1920), the citrus canker {Pseudo- 
monas citri Hasse) may infect the tree through the mines of this insect. The 
small moth deposits the tiny eggs on the lower surface of the leaf. Upon hatch- 
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ing, the larva enters the leaf, Avliere it remains until mature ; it then comes out 
of the leaf and forms a pupation cell by folding over a ]jart of the leaf margin. 
There may be six generations in a year. 

Control . — In India the recommended control is to collect infested leaves 
and to spray the tree with nicotine .sulfate (Hayes, IDIo). 

Gbotjp V 

Ants that cause injury b.v feeding directly on the tree or by interfering 
with the work of beneficial insect enemies of citrus jiests. 



Fig. 247. Mine of Marmaru sp. in orinige. (Pliotn Ity 0. W. 
Tulibs.) (Quayle, 1S386; courtesy Conistotk Pul). (!o.) 

ANTS 


A jinmber of species of ants are important pests of citrus because they 
either feed on various parts of the tree or foster an abnormal increase in the 
populations of many injurious insects that excrete honeydew. such as certain 
scale insects, mealybugs, and aphids. Ants that are fond of honeydew as food 
may actually distribute and virtually care for certain species of insects that 
excrete honeydew. The presence of the ants and their activities in associa- 
tion with the insects they are “tending” often interfere seriously with the 
attack of parasites and predatore of these insects. 

Fihe Ant, Solenopsis xijloni var. maniosa Wheeler 
The fire ant has been more imiiortant as a citrus pest in Texas than else- 
where in the United States. It is common and abundant in California and 
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Arizona, where it causes some injury to young trees annually, either in the 
nursery or in the field. In Texas the ants feed on the hark or young tender 
branches (Clark, 1931). Observations made in California indicate that the 
ants are attracted by gum exudations on the bark, upon which they feed ; 
but they also bite away the bark and feed on the cambium. Eecently planted 
trees may be completely girdled in a short time. According to Friend (1946), 
many thousands of citrus trees in Texas have been killed by the girdling 
activities of this ant.- The nest is commonly made at the base of the tree, and 
when the ants are abundant the nest is large and conspicuous because of the 
mounds of soil around the opening. The worker has a yellowish red head and 
thorax and a black abdomen. This is a pugnacious species that bites and 
stings when disturbed. The sting produces a burning sensation which accounts 
for the common name ‘‘fire ant.” 

A related species, Solenopsis germinata rufa Jerd., causes injury to young 
pummelo trees in Malaya (Clausen, 1933). When honeydew from aphids and 
soft scales is an insiififleient source of food, the ants eat the surface tissue of 
young shoots, causing the death of this growth. 

Control. — Clark (1931), having studied control of the fire ant in Texas, 
recommended a syrup containing thallium sulfate as a poison and the appro- 
priate use of calcium cyanide to fumigate the nests. It was well recognized 
that the use of both these materials is hazardous to human beings, and that 
improper use of calcium cyanide is hazardous to the trees. Because of the 
danger to the trees from the use of calcium cyanide for fumigating the col- 
ony when the nest is near the crown roots. Friend (1946) recommends fre- 
quent inspection during the danger period, that is, during the fall season, 
and, at weekly intervals, repeated dustings into the disturbed nest of ants, 
using concentrated pyrethrum (1.3 per cent pyrethrins) . 

In California, where the ants are not generally so numerous, injury can in 
large measure be prevented by careful orchard management to prevent gum- 
ming of the trees; gumming, as mentioned above, apparently attracts the 
ants. The use of tree protectors favors the attacks of the fire ant because some 
protectors, particularly those of dark color, may induce gumming. Moreover, 
they afford shelter to the ants and obscure the injury so that it is not detected 
by the grower. Whitewash may be used in place of the protectors. Metcalf 
and Eogoff ( 1946 ) ‘ obtained excellent control of the fire ant in citrus nurseries 
by means of a dust containing 3 per cent chlordan. 

Little Fieb Ant, Wasmannia auropunctata (Eoger) 

In citrus orchards in parts of the east coast of Florida, the little fire ant, 
which is present on the trees in order to obtain honeydew from other insects, 
is a serious annoyance to workers in the orchard. According to Osburn (1945 ) , 
the ants are sometimes so abundant that it is impossible for workers to pick 
fruit, or prune or spray trees, without' becoming covered with them and 
suffering many stings. Most peraons suffer noticeable irritation from a single 
sting. 


’ R. L. Metcalf and W. M. Rogoff, unpublished data. 1946. 
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Control . — Osburn (1945) obtained good control with DDT-fuel oil emul- 
sion, which is sprayed on the trunk and larger, limbs of the trees. A single 
treatment afforded effective control for at least four months. The present 
recommendation is the use of DDT wettable powder at a dosage of y^, poimd 
actual DDT per 100 gallons of water, applied only on the trunk and main 
branches two weeks before picking time. (For further details see Florida 
spray-and-dust schedule, p. 799.) 

Myrniicaria brunnea Saund 

Clausen (1933) reports that in Ceylon, when the large subterranean nests 
of this ant are present in plantings of young citrus trees, much damage is 
done. The ants bite off the tips of the buds and congregate in large numbers 
to feed on the exuding plant juices. They also destroy the surface tissue of 
young shoots and make holes in the younger leaves. 

Leaf-cuttinq Ants, Atta Species 

The leaf -cutting ants are important pests of citrus in Mexico, Central and 
South America, and the West Indies. One species, Atta temna Buck, is of 
importance in the Texas citrus-growing areas, particularly in plantings near 
brush land. Members of the worker caste of these ants cut pieces out of the 
leaves and take them to their nests, where they are used as a compost for the 
culture of a fungus which is used for food. (For complete discussion of this 
subject see Wheeler, 1907.) Citrus leaves are favored materials for this pur- 
pose, and since these ant colonies are enormous in size and number of inhabi- 
tants, many citrus trees may be completely defoliated in a single night. 

In addition to Atta texana Buck in Texas, other species that are important 
as citrus pests are : A. mexicana Smith, in Mexico and Central America ; A. 
sexdans Linn, and A. cephalotes Linn., in Central America and Brazil, also 
A. laevigata F. Sm. in Brazil ; A. cephalotes Linn, and A. octospinosa (Reich) 
Em., in Trinidad; A. insularis Guerin, in Cuba; and, in Argentina, several 
Atta species — ^but Acromyrmex lundi (Guer.) Rog. is considered more impor- 
tant there than any of the Atta species. 

Control . — Destruction of the colonies is the most feasible method of control. 
Because the nests are very large, and differ in kind for different species, the 
problem of annihilation of the entire colony by cyanide fumigation is a 
difficult and unreliable procedure. Carbon bisulfide is commonly used in 
many places with success ; however, one of the commonest methods of control 
used in Brazil is fumigation of the nests with the gases produced by burning 
sulfur and white arsenic on glowing charcoal in a special apparatus (Autuori, 
1942) 

Argentine Ant, Iridomyrmex humilis Mayr 

The Argentine ant is a native to South America and was introduced into 
the United States at New Orleans about 1888. It appeared about 1902 in Cali- 
fornia, where it has become important because, in its “tending” of certain 
scale insects, mealybugs, and aphids, for the honeydew they excrete which it 
uses as food, it affords some protection to these insects from their parasites 
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and predators. There is also evidence that the ants actually carry some of 
the insects to other parts of the infested tree, or possibly to other trees, hence 
aiding in the distribution of eei'tain pests on citrus (Horton, 1918a). In 
California, the Argentine ant is of most importance in relation to the bio- 
logical control of unarmored (or soft) scales and mealybugs. (For further 
details see chap, xii ; also the section, “Soft Scale,” p. 724. ) 

The Argentine ant occasionally feeds on the blossoms, but this injury is 
considered insignificant. Sometimes the ants feed on freshly made "wounds, 
and this may have a bearing on the greater incidence of certain plant diseases 
(Horton, 1918a). 

The Avorker ants are brown in color. They travel in well-defined lines to 
and from the nest, particularly when going up and down the tree trunk. 
When one is crushed, there is no perceptible odor. In California the season 
of greatest activity usuallj^ extends from late Pebmary through October. 

Control . — The standard means of control of this ant in citrus orchards is 
the use of poison baits Avhich when carried to the queen in her nest destroy 
the source of the colony. The formula effectively used in a large-scale cleanup 
campaign in Los Angeles County, California (Ryan, 1928), Avhich is essen- 
tially the United States gOA'ernment formula, and the method of making it, 
are as folloAA'-s : Water. 11 pints ; tartaric acid, ounce ; benzoate of soda, % 
ounce; granulated sugar, 12 potinds; chemically pure sodium arsenite, % 
ounce; strained honey, 2 pounds. Heat the water until lukewarm. Add the 
tartaric acid and stir until dissolved. Add the benzoate of soda and stir until 
dissolved. Slowly add the granulated .sugar, stirring constantly until dis- 
solved. Note the exact height of the liquid in the container, cover, and boil 
sloAA'ly for 40 minutes. Add water to equal the amount evaporated at the end of 
each 20 minutes. To 1 pint of lukewarm water add the sodium arsenite and 
stir until completely dissolved; then add this to the syrup and stir Avell. 
Finally, stir in the honey. 

This bait was formerly placed in paraffined paper cups which Avere attached 
to the trunk of the tree, but subsequentlj’^ aluminum cups Avere used. There 
have been many modifications in the type of dispenser used for ant poisons, 

■ and some modification in the composition of the poison bait. Proprietary 
preparations of baits and dispensing containers are noAV most commonly 
used in California. 

DDT and chlordan shoAv i)romi.se of usefulness for control of this ant in 
citrus orchards (Basinger and Metcalf, 1946).’ 

The Gray Ant, Formica cin-erea A-ar. neocinerea Wheeler 

The gray ant is a natiA^e California species and is important in citrus 
orchards because it interferes AA’ith the acthuty of parasites and predators on 
mealybugs and unarmored scale insects. It is of interest to note that the 
Argentine ant is dominant in abAindance OA^er the gray ant Avhen both species 
occur in the same orchard ; in fact, the Argentine ant virtually drives the 
gray ant out of an orchard. 


' A. J. Basinger and R. L. Metcalf, unpublished data, 1946. 



Insects and Mites and Their Control 


769 


The gray ant is relatively large, that is, about % inch long, and grayish 
in color. Locally it is often referred to as the “crazy ant” because of its 
jerky and seemingly uncoordinated manner of moving about. 

Control . — This species is not alivaj’s readily controlled. Best results have 
been obtained by doubling the quantity of sodium arscnite in the formula 
used for control of the Argentine ant (see above). DDT and chlordan show 
promise of usefulness for control of the graj’' ant in citrus orchards (Basinger 
and Metcalf, 1946).' 

Cultured Citrus Ant, Oecophylla smaragdina Fabr. 

The cultured citrus ant is generally distributed in tropical Asia and is 
actually cultured bj’^ citrus growers in southern China. Even though this ant 
utilizes citi’us leaves to make its nest, it is not considered a pest, but rather a 
beneficial insect since the purpose of the colonization is to control leaf-eating 
insects on the trees. Growers place bamboo rods from tree to tree so that the 
ants may readily move about in the orchard. The ants are relatively large in 
size, of light brown color, and move very rapidly. They are pugnacious and 
will attack and kill caterpillars and other large insects. They also attack man, 
with painful results. 

The actual value of these ants in protecting citrus from injury by other 
insects has not been fully determined. 

The biology of this ant is very unusual and interesting (for details see 
Grotf and Howard, 1924). The nest is about 8 to 10 inches in diameter and 
somewhat spherical in shape. It is made by drawing the leaves together and 
sewing them in place. For the sewing the adult employs its larva as a shuttle, 
using the silk secreted by the larva as thread. 

CITRUS PEST CONTROL 

CONTROL IN CALIFORNIA 

The control of insect and mite pests“ in California citrus orchards is one 
of the most highty specialized and expensive operations in the production 
of the crop; however, advice and help are usually available. The county 
agricultural commissioner’s office has the responsibility of inspecting or- 
chards to determine pest conditions, recommends treatments for growers to 
use, and supervises generally the application of the pest-control materials. 
Representatives of the agricultural extension service of the University of 
California in each county cooperate with the respeetive agricultural commis- 
sioner ’s staff in the educational aspects of citrus pest control. In addition, 
there are other organizations concerned with pest control in citrus orchards, 
such as cooperative and pi’ivate citrus marketing organizations, cooperative 
and private pest-control organizations, research, development, and market- 
ing agencies of industrial chemical concerns, and private advisory services. 
These agencies cooperate with the Division of Entomology and the Division 

’ A. J. Basinger and R. L. Metcalf, unpublished data, 1946. 

“ Information on the control of each species is included with the discussion of that 
species elsewhere in this chapter. 
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of Biological Control of the University of California Citrus Experiment 
Station, and with the laboratory of the U. S. Bureau of Entomology and Plant 
Quarantine at Whittier, the principal function of which is research. 

The actual operations for pest control are carried on largely by coopera- 
tive nonprofit organisations and commercial pest-control companies which 
contract to do the work. However, individual growers or orchard companies 
having sufSciently large acreage to warrant the capital expense usually have 
their own equipment for spraying and dusting and, sometimes, for fumigating 
also. In addition to chemical control operations, some of the cooperative pest- 
control organizations operate insectaries for the propagation of beneficial 
insects. Insectaries are also operated by the agricultural commissioner in 
several counties, by private individuals, and at least one by a large orchard 
companj’’, the Limoneira Company. 

Among California citrus growers there are several rather exceptional organ- 
izations for combating citrus pests. The oldest of these, and perhaps the 
most noteworthy in accomplishments, are the Ventura County Citrus Protec- 
tive League (Hardison, 1941) and the Fillmore Citrus Protective District 
(Anon., 19476). Both these organizations are in Ventura County and both 
have been continuously in operation for more than twenty-five years. They 
are unincorporated voluntary cooperatives whose objectives are the suppres- 
sion and (or) eradication of certain serious citrus pests, particularly the 
California red scale. Whenever an infestation of red scale is found, eradica- 
tory measures are employed. Only one-third the cost of these treatments is 
borne by the owner of the infested property ; the other two-thirds is borne 
equally by the shipping organization of which the grower is a member and 
by the protective league or the protective district, as the case may be. Funds 
for the operation of these organizations accrue from assessments upon all 
members, the assessments being fixed in accordance with numbers of trees. 
The accomplishments of these organizations have been of inestimable value 
to the districts concerned. Besides the voluntary type of district organiza- 
tions for citrus pest control mentioned above, there are districts legally 
authorized under the Citrous Pest District Control Act, a legislative measure 
enacted in 1939 and included in the Agricultural Code of California (Califor- 
nia, Laws, Statutes, etc., 1944). The purpose of this act is “to make available 
a procedure for the organization, operation, government and dissolution of 
districts for the more effective control and eradication of citrous pests.” 
These districts are formed within the county. They are operated under the 
eounty government and financed by tax assessment on the citrus properties 
included in the districts. Several of the districts have been formed to combat 
the California red scale. 


BIOLOGICAL CONTROL 

The utilization of parasitic and predatory insects for control of pest species 
on citrus in California constitutes a very important and highly essential part 
of the general citrus pest control program. Because a relative^ large num- 
ber of new and promising insecticides are being developed, it is increasingly 
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apparent that information on their probable adverse effect on the fauna of 
beneficial insects should be made available before any new material is 
widely used. Since this large and highly specialized field of biological control 
is treated fully in chapter xii, further discussion here is unnecessaiy. 

Fumigation 

Fumigation with hydrocyanic acid originated in California in 1886, and 
ever since has been one of the most dependable methods for the control of 
scale insects on citrus trees. Soon after its use was begun, generation of the 
gas was by the “pot system,” which consisted in placing water (3 parts by 
volume), sulfuric acid (1 part by volume), and potassium cyanide' (1 part 
by weight) in an earthenware vessel beneath each tented tree. About 1913, 
this system was replaced by “machine generation.” The machine consisted 
of a generating and supply chamber mounted on two wheels and drawn by 
a horse. The generating chamber held the sulfuric acid and water, to which 
was added the required amount of cyanide solution for each tree. The gas 
from the cyanide solution was evolved almost instantaneously and was forced 
by its own pressure through a hose to the tented tree. In 1916 the first tests 
with liquid hydrocyanic acid (HCN) were made, and the method utilizing 
HCN in liquid form quickly came into very general use. In California, this 
method has been used almost exclusively since 1918. (For more complete 
discussion of fumigation see Quayle, 1938h.) 

Liquid hydrocyanic acid is manufactured at a central plant and is carried 
to the orchards in drums of 80 and 100 pounds capacity. From the drums it 
is transferred into so-called vaporizers, which measure the schedule, vaporize 
the liquid, and deliver it as a gas under the tree. Liquid IICN is a colorless 
liquid, boiling at 80° F. and having a specific gravity of 0.70 at a tempera- 
ture of 65° F. It is very volatile and must be kept at fairly low temperatures 
to be safe in handling. During hot weather the drums of HCN are kept in a 
cool place where there is air circulation, and are usually covered with sack- 
ing over which water drips. When the HCN is transported by truck during 
the warmest weather, it is packed in ice as an additional safeguard. 

The use of liquid hydrocyanic acid in citrus fumigation, as explained above, 
is applicable only where there are rather large areas of contiguous plantings 
of citrus which would justify setting up a plant for manufacturing it. At 
present, plants are maintained in California, Spain, and South Africa. Liquid 
hydrocyanic acid may be transported for a considerable distance in specially 
equipped cylinders, but this method of transport is not extensively used in 
connection with citrus fumigation. Where liquid hydrocyanic acid is not 
available, the pot system, the machine-generation method, or fumigation with 
calcium cyanide dust may be employed. The general procedure for fumiga- 
tion is similar, irrespective of the method used for generating of the gas. 
Where the pot system is used, earthenware vessels are placed under each 

•After 1909, sodium cyanide was used in the proportions of 2 parts by volume of 
water, 1% parts by volume of acid, and 1 part by weight of cyanide (51-52 per cent 
cyanogen). 
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tent and the water, cj'anide, and acid are placed in this generating vessel. 
Sodium cyanide of 52-54 per cent purity, which is generally employed for 
fumigation purposes, is used according to the following formula (Woglum, 
1911) : sodiiun cyanide, 1 ounce by weight ; sulfuric acid, 1% ounces (fluid) ; 
water, 2 ounces. The water is placed in the generating chamber first, then the 
acid, and Anally the cyanide. 

Where conditions will permit, the use of calcium cyanide dust is simpler 
than the pot system of generation. All that is necessary is to distribute the 
dust under the tent by means of a bloAver. Sometimes it is simply spread on 
the ground. The moisture in the air reacts with the calcium cs-anide, liberat- 
ing IICN. The use of calcium cyanide dust is restricted to regions of relatively 
dry climate. The deposit of calcium cyanide in the presence of considerable 
moistiire causes burning, particularly on lemons. The orange is much less 
susceptible to burning, but there is greater risk of damage from calcium 
cyanide in humid areas (Quayle, 1928). 

EQUIPMENT 

Tents . — The tenting materials now in use in California are of 7- or 8-ouuce 
United States Army duck and 6% ounce special drill. Usually the special 
drill is used only for wings of the tent ; the central part, where most of the 
wear occurs, is made of the duck. Nylon tents (Lindgren, Gerhardt, and Vin- 
cent, 1947) and gas-tight tents (Lindgren and Dickson, 1943) are now being 
investigated. Nylon tents have the advantage of light weight, high tensile 
strength, and about the same gas-holding capacity as tents of 8-ounce canvas. 
With gas-tight tents, only one-third to one-half the present dosage is used, 
with the same results ; but there is danger to the crew from the HCN liberated 
as the tents are moved from tree to tree. 

The tents are octagonal sheets of different diameters, usually 36, 45, 48, 50, 
and 55 feet. When buying tents, one should take into consideration the normal 
growth of the trees for the next four or five years. For trees up to 10 feet in 
height, 36- to 40-foot tents are used; for trees up to 15 feet, 40- to 45-foot 
tents ; and for trees from 16 to 21 feet in height, 45- to 55-foot tents. 

The tents are marked with three parallel lines of figures, starting at 5 or 6 
feet from the center of the tent and running toward the two opposite edges. 
By reading these figures on the tent where they appear at ground level on 
opposite sides of the tree, the distance over the tree is determined. A tape 
reading gives the distance around. Once the distances around and over are 
known, a dosage table is used for detennming the number of units of IICN 
the tree should receive (Woglum, 1923). 

Poles and derricks . — Two poles, 2 to 2^4 inches in diameter and 14, 16, or 
18 feet long, are used for ]mlling the tents over the trees. Near one end of the 
poles a rope is attached, which extends about 3 feet beyond the other end. A 
ring on the tent is placed over the end to which the rope is attached ; the 
other end is sharjiened so that the pole will stick into the ground while it 
is raised, with the tent attached, by means of the i-ope (fig. 248). For raising 
tents over very large trees, special derricks are used. 
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Tent-pulling machines developed and perfected by commercial operators 
have recently come into use because labor for hand operation has become 
difficult to obtain (fig. 249). Mechanical tent pullers have practically re- 
jilaccd hand crews in California. Such machines are capable of handling 60 
or 75 tents in the 50 to 60 minules during which the, trees are exposed to the 



I’ig. 24S. "iliiiul pulling” of fumigation tent over orange tree. 


gas. Mechanical tent luillcrs eliminate the heavy labor of hand pulling, reduce 
the wear and tear on the tents, lessen the hazard of injury to the trees, and 
increase the number of trees fumigated by a crew in a single night. The 
operation is illustrated in fig. 250. 

PROCEDURE IN CALIFORNIA 

In California, fumigation is carried on by cooperative pest-control associa- 
tions, local citrus associations, commercial operators, or private owners. 

Directions to govern the work to be done are in large part determined by 
the respective agricultural commissioners in the different counties. These 
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officials issue licenses to properly qualified operators ; determine when treat- 
ment is necessary; indicate the range of temperatures, and, more or less, 
the humidity at which the work should be carried on ; advise concerning the 
schedule and other general regulations of the work ; inspect the equipment ; 
and finally, check the results. 

At present the gas is applied to the tree by a vaporizer, a machine in which 
the measured amount of liquid HCN is pumped into coils in a steam boiler 
in which it is vaporized and from which it is passed through a hose under 
the tented tree. This is the “hot gas” method of generation, now exclusively 



Pig. 250. Fumigating large trees uath HCN. Note “nmrking” on tent.s; note, also, “taper” 
(right) and “gunner” (left) charging tented tree with “hot gas” applicator or “gun.” 
(Photo by A. F. Kirkpatrick.) 


used. It results in a rapid diffusion of the gas in the tent and is desirable when 
fumigation is carried on at the lotver temperatures (below 50° F.). The 
vaporizers are owned and serviced by the companies that supply the HCN, 
and are lent to the fumigators. 

The temperature range at which fumigation is carried on extends from 
40° to 80° or 85° F., most of the work being done at temperatures between 
50° and 70°. In areas along the coast 70° or 75° is considered the maximum 
temperature. In the interior, fumigation may be begun at a temperature of 
80° to 85°. 

The relative humidity cannot be accurately indicated for the practical 
fumigator. When moisture is visible on the trees, and tents begin to feel 
moist, these are the most practical indications that it is time to stop fumiga- 
tion ; but ]iractices differ in different areas. In some, fumigation is continued 
until the tents become wet and too heavj' to handle. If the humidity is high. 
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tents become damp and tighten and hence permit less leakage of gas. But 
when the tents are wet, they also pick up particles of sand and grit, and these, 
when the tents are pulled oif the trees, abrade the surfaces of fruits ; it is 
here that in,iury is most likely to occur. 

The fumigation schedule is determined with reference to the scale insect 
for which treatment is to be made, the species of citrus fumigated, the season 
of the year, and the locality where the fumigation is carried on. The schedules 
are indicated by the niimber of cubic centimeters in a so-called unit. Before 
liquid HCN came into use, the schedules called for a certain number of ounces 
of sodium cyanide, the amounts being determined by the distance over and 
around the tree (Woglum, 1909) : roughly, for an ordinary-sized tree, 1 ounce 
of sodium cyanide was required for each 100 cubic feet of space; for smaller 
trees the schedule called for more than 1 ounce for each 100 cubic feet ; and 
for larger trees, less than 1 ounce per 100 cubic feet. The amount per 
unit of vohimc varies because for a smaller tree there is more tent surface 
in relation to the volume than there is for a larger one, and the amount 
of tent surface is one of the factors that govern the schedule because the 
greater the tent surface the greater is the leakage of gas. When liquid IICN 
came into use, this same general schedule was retained, but instead of indicat- 
ing the schedule in ounces, the teim “unit” was applied as the more con- 
venient one. 

In making a compari.son of liquid IICN dosage with the older methods in 
which ounces of cyanide were iised. 1 ounce of sodium e.vanide (51-52 per cent 
cyanogen) is eqiiivalent to 20 ee. of liquid IICN of 97 per cent purity. Instead 
of having different schedules prepared according to the dosage to be given 
to a grove, as was done under the old system of u.sing ounces of cyanide, 
when the liquid HCN came into use a single schedule with some modification 
was adopted and a variation Avas made in the unit. The ounce was of fixed 
value, and to Amry the dosage a different number of ounces Avas called for. 
from different printed schodides. On the other hand, the unit is of AUiriable 
value, and to vary the dosage the A’ahie of the unit is changed. This is done 
by setting the applicator, or A'aporizer, to deliA'er a different amount of liquid 
IICN, while the schedule, or the number of units called for, remains un- 
changed. Consequently, the applicators for the deliA’cry of IICN under the 
tent can be set to delh-er 1-1. 16, 18. 20, 22, or 24 cc. for each unit, according 
to the dosage which should be used under the different conditions. If the 
tree called for 10 ounces of .sodium cyanide under the old sy.stem, the .same 
tree under the ncAv system of liquid HCN Avould call for 10 units of liquid 
HCN ; and if 14 ce. Avas the amount per unit, that particular tree Avould be 
given 140 ee. If the amount per unit was 20 ec., the amount of liquid HCN 
would be 200 cc., etc. There are approximately 640 to 650 cc. in 1 pound of 
liquid HCN, according to the temperature and degree of purity. 

The amount of HCN used on any block of trees may be determined by 
adding the total number of units given to all the trees and multiplying this 
by the number of cubic centimeters in the schedule used. That is, on a 20 ee. 
schedule, the total number of units in the orchai-d multiplied by 20 cc. Avill 
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J^ig. 2n1. l?nw or “string” of fumigation tents covering orange trees. 

(Plioto courtesy Am, Cyanamid Co.) 

give the total number of cnbie centimeters used in the grove, and from this 
the number of pounds may be determined by dividing by 640, the number 
of cubic centimeters in 1 pound of liquid HCN.‘ 

' The number of cubic centimeters in a pound of liquid HCN varies with the purity 
and with the temperature; 640 cc. = 1 pound liquid HCN of 96 per cent purity and 
at 60° F. 
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The number of tents in a “string,” that is, the number used by one crew 
of men, depends somewhat upon the size of the orchard to be treated. If the 
rows in a particular orchard are 30 trees long, 30 tents are placed along 
one side of the grove and 30 additional tents along about the center row of 
the grove (except in large groves), 60 tents in all, and in pulling and charg- 
ing the tents a round trip is made, that is, the operators go up the first row 
of tents and down the second row (fig. 251) . The tents are left on the trees for 
50 minutes to 1 hour. At the end of that time the tent is pulled from the first 
tree in the first row and hoisted over the first tree of the next row, and so 
on, the last transfer being made to the last tree of the second row of tents. 
The usual crew consists of four men : two to pull tents, the third to follow 
up, measuring anad kicking in the edges of the tent, and the fourth to deliver 
the charge to the tent as called out by the man measuring the tree imme- 
diately ahead. Four men are used to pull the tents if the trees are very large. 
However, when mechanical tent pullers are used, the crew is of five men irre- 
spective of the size of the tree ; one man operates the tent puller, two men 
hook the edge of the tent to the poles, the fourth man measures the tree, and 
the fifth man operates the vaporizer. Under optimum conditions, with use of 
a mechanical tent puller, as many as seventy-five tents ean be handled by one 
crew. 

COST 

The cost of the fumigation is directly related to the size of the tree, and 
is usually divided into coverage and cost of the HCN used. The coverage 
includes cost of labor, Avear and tear on the tents, interest on investment, 
depreciation, etc. When fumigation is done by contract, the fumigator agrees 
to cover the trees for a certain amount, the cost of the HCN (depending upon 
the amount used ) being added. Prior to 1942, the cost of the HCN was about 
one-half the total cost of the operation, and the coverage cost the other half. 
On an average, the cost of fumigating in California prior to 1942 was approxi- 
mately 40 cents a tree, 20 cents representing the cost of the HCN and 20 
cents the coverage. Since 1942, labor costs have increased but the cost of 
HCN has not ; hence at present it costs about, 50 cents to fumigate an aA'erage- 
sized tree — 20 cents for gas and 30 cents for coverage. 

PRECAUTIONS AGAINST INJURY TO TREES 

A number of precautions are to be taken in order to avoid injury to the 
tree and at the same time to make the fumigation effective in killing the 
scales. In the first place, the season of the year must be considered. Generally 
speaking, the fumigating season begins early in July and continues into the 
following March. Fumigation cannot be practiced from the time the oranges 
set until they are about % inch to 1 inch in diameter, without undue risk 
to the fruits. 

The summer fumigation Avork begins with navels in July since normally 
they are more advanced than Valencias. The navel and Valencia trees are 
about equally resistant; hoAvever, most of the Valencias are in orchards in 
the coastal area, where there is more danger of injury than in the interior. 
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The ordinary dosage cannot be used on such varieties as the St. Michael and 
Homosassa, the fruits of which are verj' susceptible to injury. 

The lemon is the most resistant of all of the citrus species. The fumigating 
season for the lemon is longer than that for the orange because the young 
lemon fruits, unlike the young orange fruits, do not all appear at one time, 
and because lemon fruits of all ages are more resistant than small oranges to 
injury from the gas. The lemou tree ma\’ be fumigated at almost any time 
of the year. 

On the other hand, the insect pest present may definitely limit the time 
of fumigation. The black scale is not effectively controlled by fumigation 
except when in its younger stages,- consequently, fumigation must be re- 
stricted to a time when these stages occur if it is to be effective. The citricola 
scale requires a still narrower time restriction since it becomes resistant after 
about the middle of September, although it is still quite small until a few 
more months have passed. The red scale, on the other hand, may be found in 
practically aU its stages at any season of the year; consequently, the time 
for fumigating this scale (at least in the nonresistant areas) is less important 
than for other scales. The purple scale may also be found in various stages at 
different seasons, although there is a more or less definite hatch in August 
and September; hence, fumigation to control this scale can best be carried 
on at that particular season. The eggs of this scale, moreover, are difficult to 
kill in the colder weather of winter. 

The soil in the orchard to be fumigated should be well cultivated, except 
where nontillage is practiced, in order that the tents may lie in close contact 
with the ground. Cultivation should not immediately precede fumigation, 
however. Fumigation should be avoided so far as is possible when cover 
crops are present or when the ground is furrowed for irrigation. Fumigation 
too soon after irrigation is likely to result in injury to the trees. It is not 
desirable that the trees should suffer from lack of water, but fumigation can 
be carried on Avith much greater safety Avhen the soil is too dry than when it 
is too Avet. 

The cycles of growth of tlfc trees are also related to fumigation injury. The 
young groAAdh is most susceptible to injurj-, and the more of it is present the 
more damage Avill be done. Of the different cycles of groAvth, the spring cycle 
seems somewhat more resistant than the others. Sometimes trees bcome unusu- 
ally susceptible in October, particularly in some of the coastal areas, and 
fumigation maj' well be suspended for a time Avithin the limits of that month. 

Fumigation should not be carried on Avhen the humidity is extremely 
low, as occurs during periods of dry Avinds. The desired results in control 
are likely to be much lessened if there is wind enough to move the tents 
appreciably. The tree is much more resistant to HCN gas in darkness than in 
sunlight, especially the sti’ong sunlight of summer. In Avinter, on the other 
hand, fumigation may often be carried on satisfactorily a good part of the 
day, especially if the Avork is begun in late afternoon or early evening. In 
general, higher dosages of HCN can be used in Avinter, since at that season 
there is le-ss likelihood of tree injury from fumigation. 
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Bordeaux mixture or auy material containing copper, employed either as 
a spray on the foliage or in the form of a j)aste applied on the larger branches 
above the crotch of the tree, should not be followed by fumigation unless in 
the meantime the winter rains have fallen. The application of bordeaux paste, 
limited to the trunk only and not extending beyond the crotch, may be fol- 
lowed by fumigation without any particular hazard. Trees have been injured 
by fumigation five or six months after the application of bordeaux ; the bor- 
dcaux should, therefore, be applied after rather than before the fumigation, 
OI-, for greater safety, the fumigation should be postponed for about a year 
after the a]iplieation of the bordeaux teeatment. Lemon trees have been 
injured by fumigation two and one-half to five months after they had been 
treated with manganese spray (Parker and Southwick, 1941). 

VACUUM FUMIGATION OP CITRUS NURSERY STOCK 

Many counties in California enforce restrictions upon the importation, 
and the movement within their bordeiis, of citrus nursery stock which is 
a host to scale insects, niite.s, and other citrus pests. Vacuum fumigation' of 
nursery stock ivas begun in California probably as early as 1920. Mackie 
(1922) published the results of A'acuum fumigation of nursery stock, dried 
fruits, grapevines, nuts, and potatoes, using both IICN and CSo. Vacuum 
fumigation of citrus nursery stock ivas carried on in 1921 and 1922 at Santa 
Paula, and such factors as time of exposure, dosage, and tree condition were 
considered. It proved at this time the practicability of treating citrus nursery 
stock. 

Until about 1940, hydrocyanic acid gas Avas chiefly used in the vacuum 
fumigation of nursery stock. Mackie and Carter (1937) found that methyl 
bromide is fatally toxic to insect life and less likely to cause injury to plant 
tissues than HCX. ilost counties now require a certificate of fumigation Avith 
JICN A'acuum or methyl bromide before permitting nursery stock to be 
brought in. Vacuum fumigation requires a dosage of 18 cc. of liquid HCN 
per 100 cubic feet, a 26-inch vacuum, and a one-hour cx]iosure at not less 
than 50° P. The nursery stock to be fumigated should not be Avet from recent 
Avatering, yet neither .should it be dry, and before and after fumigation it 
should not be exposed to direct sunlight. 

Methyl hromide fiimiyation . — Nursery stock that is to be fumigated Avith 
methyl bromide should be preheated for 2 hours at 80° P., humidity being 
maintained at a minimum of 75 per cent. Balled stock should be held 10 to 
14 days after being dug before fumigation is begun. Methyl bromide is u.scd 
at the rate of 2^4 pounds per 1,000 cubic feet at a tem]ierature of 80° to 85° 
P. and a relative humidit.A’ exceeding 75 jier cent. Exposure is for 2 hours. 
After fumigation, the stock should be kept from direct sunlight. 

Ventura County requires all intercountj’- and intracounty shipments of 
nursery stock to be vacuum-fumigated Avith IICN for red scale and other 
citrus pests. In all other counties, methAd bromide may be substituted 
for IICN. 

' For general discussion of vacuum fumigation see Mackie, 1931 h. 
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PETROLEUM OIL SPRAYS 

Some of the earliest applications of petroleum oil spraj's ■were on citrus 
trees, for tlie control of scale insects, and petroleum oil has been used more 
and more as the most important spray material for control of various citrus 
pests. Perhaps more has been learned from the use of oil sprays on citrus 
than from its use on any other crop. The requirements for control of scale 
insects on an ever-green citrus tree are more critical than for the same group 
of insects on a dormant deciduous tree. There is generally a narrower margin 
between an effective insecticide that is not detrimental to the tree; when there 
is no season in which the tree is actually dormant. Moreover, during the period 
of dormancy in a deciduous tree, the absence of foliage ])ei‘mits more thoi-- 
ougli application of the spray to the twigs and branches, where many serious 
scale-insect ])csts thrive. 

Types of oil sprays . — In the California citrus-growing areas, three general 
types of oil sprays are in use: emulsions, cmulsives, and tank-mix sprays. 
All three types arc ‘ ‘ quick-breaking” n hen applied to the tree. Emulsions and 
emulsives are most generally employed for citrus spraying, and since these 
contain different amounts of oil. the amount of dilution with water A'aries. 
When an emulsion is used at a do.sage of 2 ])er cent, the practical coraiiara- 
tive dosage of oil of the same grade of an emulsive oil is from 1% to 1% P‘‘*’ 
cent. 

A spray oil emulsion is one that is made by dissolving and (or) suspending 
a certain amount of one or more emulsifying substances in water and then 
mixing with petroleum oil by means of violent agitation until a thick and 
stable mixture is obtained. Depending upon the materials and methods used, 
the consistency of the emulsion will be ‘‘very thick” and hence referred to as 
‘‘paste” emulsion, or it will be fluid enough to pour out of a 1-inch faucet 
and is then referred to as “floivable” einuLsion. The jia.ste emulsions are 
little used, now that ‘‘flowabies” have become so well iierfeeted. The oil con- 
tent of the oil emulsions now in general use varies from HO to 90 per cent. Since 
the oil is already emulsified with water in the stock jireparation, violent agi- 
tation is not essential for good mixing in the spray tank. 

An emulsive spray oil is one in which the emulsifying agent is in solution 
in the oil. No water is ])resent, and the amount of oil is 9H or 99 ])er cent of 
the whole. When an emulsive is added to the water in the spray tank, the 
emulsion is made by agitation in the tank and by ]iassage of the material 
through the pumji. 

Tank-mix spray is one in 'which the spray oil and the emulsifier and 
spreader are added separately to the tank of the spray idg and a uniform 
mixture is obtained by jiroper agitation in the ai)ray tank (»Smith. 19.32). The 
most common emulsifier and spreader is blood albumin. 

A miscible oil spray, that is, one in which an emulsifying suhstance is dis- 
solved in the oil and, Avhen diluted with water, immediately forms a rela- 
tively stable emulsion with but little agitation, was formerly much used. 11 
has now been largely replaced by the other types. 
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The major characteristics of oil sprays for use on citrus are : (1) quality, 
that is, degree of refinement as expressed in per cent of unsulfonated residue 
(U.Ii.) ; (2) heaviness as expressed by the distillation range and commonly 
referred to as “grade”; and (3) deposition properties, that is, quantity of oil 
uniformly deposited on the insect and tree by the spraj' mixture. 

Quality of the oils . — The quality or purity of the oil has an important 
bearing, in California, on tree reaction. Consequently, the lowest unsulfo- 
nated residue oil in general use is 92 per cent. 

Grades or heaviness of oils . — The grades of oil mostly used are classified 
in five general grades on a basis of distillation range, which is a measure of 
volatility. Viscosity is also an index to the heaviness of the oil, but viscosity 
is not thought so valuable an index to the weight of the oil as distillation 
range. The oils used in citrus spraying in California may be classified as 
follows (California State Dept. Agrie., Bureau of Chemistry, 1945) : 


Grade 

DLstillation 

at 

630= F. 

Unsulfonated 

residue 

(U.R.) 

Viscosity 

(range 

accepted) 


per cent 

per cent 

aec. 

Light 

64-79 

60 

51-62 

Light-medium 

51-61 

62 

65-70 

Medium 

40-48 

92 

70-79 

Heavj'-mediuni 

28-37 

92 

77-83 

Heavy 

10-25 

94 

83-97 


Depositing properties of oils . — The amount of oil deposited on the tree 
and the uniformity of the deposit are principally determined by the stability 
of the diluted oil emulsion and the efficiency of the wetting and spreading 
agent in preventing “beading” of the spray mixture. 

What oil to use . — Under present conditions there is apparently little basis 
for a choice between an emulsive or a flow'able emulsion, or among the pro- 
prietary brands of major companies. The most important consideration is 
choice of the proper grade of oil to use. The choice is determined by the fol- 
lowing factors: (1) the particular locality in the citrus area; (2) the variety 
of citrus tree; (3) the insect or mite, or the complement of pests present; 
and (4) the season of the year. 

Under the discussions of the various pests, earlier in this chapter, the 
grade of oil, dosage, and time of application -vvere given. The following dis- 
cussion explains why such recommendations were made, and offers other 
information necessary for the intelligent use of such sprays. 

The difference in localities as influencing the oil to use may be considered 
as it relates, respectively, to coastal, intermediate, and interior conditions. 
The citrus tree is likely to respond most unfavorably to oil sprays in the 
interior and least unfavorably in the coastal area. Consequently, oil of light- 
medium grade is as heavy as should generally be used on orange trees in the 
interior, and even this grade is objected to by some growers and packing- 
house managers. On lemons, a medium oil is the heaviest that should be used 
in the interior ; a heavy -medium, or in some restricted areas a heavy oil, may 
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be used in the coastal area. In the intermediate areas a medium oil may be 
used on oranges, and in some parts of the same area a heavy-medium oil on 
lemons. 

The difference between the orange and lemon tree in their reaction to oil 
sprays was indicated in connection with the difference in locality. The kind 
or species of insect to be controlled is equally important. The scale insects 
classed as unarmored, sueh as the black and citrieola scales, are controlled 
with lighter grades of oil than are the annored scale insects, such as the red, 
yellow, and purple scales. A light-medium oil is satisfactory for use against 
the black and citrieola scales. Where the citrieola scale alone occurs, even 
the light grade of oil may be satisfactory. For the red, yellow, and purple 
scales, oil of medium grade is as light as will give control when infestations 
are moderate to heavy; on lemons, where conditions will permit, a heavy- 
medium or heavy oil is more satisfactory. There is now in limited use a pro- 
gram of two annual treatments with a light-medium oil for the control of 
red scale on lemons (Newcomb, 1947). 

The last of the factors that govern general spraying is the season of the 
year. The summer or early fall months — more specifically, mid-July to the 
end of September — are preferable for the application of oil sprays to orange 
trees. The season for spraying is usually determined by the susceptibility or 
“condition” of the black and purple scales, and by the time when the effects 
on the tree and fruits are likely to be least adverse. For lemons the best sea- 
son for spraying is later in the fall than for oranges, that is, October and 
November. At this time there is less likelihood that a “hot spell,” inducing 
a drop of lemon fruits, will occur soon after the oil is applied. April and May 
also constitute a good season for the use of oil on lemons, although treatment 
in the interior localities should be given in April only. 

Oil sprays applied for the control of scale insects will at the same time 
control the citrus red mite and the citrus bud mite. The heavier the oil the 
longer the period of control for the red mite. On the citnis bud mite, light- 
medium oil is as effective as any of the heavier grades. In some localities, oil 
spray is necessary primarily for the citrus red mite or the citrus bud mite 
rather than for the associated scale insects. 

Toxicants added to oU . — ^Much research has been done in an effort to find 
a suitable toxicant to add to petroleum oil with the objective of making a 
more effective spray with a lighter grade of oil and hence minimizing adverse 
tree reaction. Rotenone has been incorporated with the lighter grades of oil 
— light-medium, light, and even with kerosene — and has been used for more 
than a decade. “Rotenized oils” are very effective for black scale control, 
particularly in the cooler coastal localities, but they are not so consistently 
effective in control of red scale also as to justify general recommendation of 
their use. Rotenized oils are highly effective in control of citrus aphids. 

The use of DDT in combination with various grades of oils has been exten- 
sively studied. Against unarmored scales such as citrieola and the black 
scales, a kerosene-DDT spray is highly effective, since the scales hit by the 
spray mixture are killed (Ewart, 1946, and Ewart and DeBach, 1948). 
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Against red and purple scales, ■which are armored scales, a kerosene or other 
very light fraction of oil in -which DDT is dissolved affords promising results 
(Lindgren, LaDue, and Harris, 1946; Eheling, 1945 and 1947; Carman, 
1948). The effectiveness of the treatment against these scales is attributable 
to the residue of DDT on the tree, -which prevents the settling and develop- 
ment of the newly hatched crawlers, since the material does not kill many of 
the larger scales that are present at the time of treatment. Until more infor- 
mation is available concerning the effect of DDT on the biological-control 
aspects of citrus pest control, the general use of DDT cannot he recommended. 

Injury from oil sprays. — “Acute” injui’y, that is, leaf and fruit burn and 
drop, may be expected if high temperatures (100° F. or higher) occur within 
several days after the application of an oil spray. Fruit and leaf drop can be 
ex]iected if the trees are in need of irrigation at the time the oil sprays are 
applied. However, acute in.pirj'-, reflected hy leaf or fruit drop, or both, 
sometimes occurs without relation to the adverse conditions mentioned above. 
Preliminary investigations by Stewart and Ebeling (1946), which are being 
continued and expanded by Stewart and Riehl,’ indicate that certain esters 
and salts of 2,4-diehlorophenoxyacetie acid (2,4-D) incorporated in the 
conventional oil sprays at a dosage of 4 to 8 parts per million, on the basis of 
the total spray mixture, may be useful in mitigating these and possibly 
other aspects of in.jury from the oil. Further extensive studies with these 
materials are necessary, however, before the possible general utility of plant- 
growth-rcgulatiug substances as amendments to oil sprays on citrus can be 
fully determined. 

Some aspects of “chronic” injury from the use of oil sprays are: dead 
wood among the inner parts of the tree ; impairment of the color of oranges 
and lemons; reduced crop in some seasons, particularly of fruits on the 
north side of the tree ; increase in the amount and severity of granulation of 
V'aleiLcia oranges and reduction in the soluble constituents of the orange 
juice (Bartholomew and Sinclair, 1944). 

Oil spray applied on navel oranges in parts of the San Gabriel Valley 
accentuates the incidence of water spot (Ebeling and Klotz, 1936). 

Compal ihility of ail spirays with other materials. — Injury may be expected 
if oil spray is applied over DN-Dust -within approximately tw'o -weeks after 
application and over sulfur within apijroximately two months after applica- 
tion. Neither of these materials should be used in combination with oil. The 
principal adverse effect on citrus of the addition of other commonly used mate- 
rials, such as cryolite and zinc, is that the stability, and hence the depositing 
properties of the oil emulsion, may be seriously affected. The added materials 
may react with the emulsifier or otherwi.se interfere with emulsification in such 
a way as to cause the emulsion to deposit too much oil on the plant and hemee 
produce injury, or the emulsion may become so .stable that it does not deposit 
enough oil on the plant to kill the in.sects. Since iiroprietary oil emulsions 
and emulsives arc almost exclusively msed, the addition of other materials 
to these oil sprays should be only in accordance -with the manufacturer’s rec- 

' W. S. Ste-wart and L. A. Riehl, unpublished data, 1947. 
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ommcnclatioiis. This is essential because various manufacturers use different 
emulsifiers and other accessory materials in the preparation of their prod- 
ucts and a given material such as zinc oxide may seiuously affect one par- 
ticular product and yet have little or no effect on another. In general it may 
be said that emulsions are more compatible with other materials, particularly 
solids, than einulsives. 

Other Insecticides 

NICOTINE 

Nicotine has long been the standard material for control of citrus aphids. 
Within the past few years it has also been used for control of citrus thrips. 
Nicotine sulfate is the form used in sprays for control of aphids. Formerly 
it was used solely in combination with hydrated lime for making nicotine 
dusts. However, there has been an increasing use of the alkaloid or free nico- 
tine in the jireparation of dusts for control of aphids, mainly because of the 
superior physical properties of these du.st mixtures. (.See p. 738 for commonly 
used formulas for aphid control.) 

For control of citrus thrips either nicotine sulfate or the “fixed nicotine” 
jirejiaration Black Leaf Ififi is used in combination with sugar. Alkaloid nico- 
tine is not .suitable for this use. The ajiplieation is made cither with a spray- 
duster or with broom guns. (See p. 691 for details.) Zinc sulphate for correc- 
tion of zinc deficiency should not be used in combination with nicotine, 
although zinc oxide is widely used in this way. 

BOTENONE 

Rotenone is used in several ways: in finely divided powdered root added 
to oil sprays, usually after the oil is put into the spray tank ; as resins or 
extractives of rotenone-bearing roots, or as technical grade rotenone in solu- 
tion in petroleum oil ; and also as a concentrated extract of rotenone-bearing 
roots without petroleum oil. The principal use for rotenone is in combination 
with oil for control of unarmored scale insects and aphids. (See pp. 720 and 
7.38 for details.) Rotenone in dust mixtures has no general use in citrus pest 
control. 

PYRETHRUM 

Pyrethrum extract containing approximately 2.0 per cent pyrethrins is 
used for control of greenhouse thrips, either in combination with petroleum 
oil or without it. ( See p. 695 for details.) 

dinitro-o-ctclohexylphenol 
(DN or DNOCHP) 

Dust preparations containing DN or the dicyclohexyl amine salt of this 
compound have been used for about a decade in control of citrus red mite. 
The material is also effective in control of the six-spotted mite, but it has 
practically no value in the control of the citrus bud mite or the citrus 
rust mite. A wettahle i>reparation of DN known as DN-111 is used as a 
spray in some areas for eontrol of the citrus red mite and the six-spotted 
mite. Cryolite for control of orange worms is commonly combined in dust 
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and spray mixtures with DN. Zine oxide is also combined with DN-111 in 
sprays. Injury to foliage and fruit is likely to occur if the temperatures 
exceed about 92° P. within a few daj's after the application of DN materials 
on citrus trees. (See p. 683 for details.) 

BIS- (p-CHIiOROPHENOXT ) -METHANE 
(K-1876) 

As the result of extensive investigation.s, bis- (p-chlorophenoxy) -methane, 
or K-1875, came into commercial use early in 1948 for control of the citrus 
red mite. Preliminary results from the use of this material in control of the 
six-spotted mite have been satisfactory, except when the application is made 
with the spray duster. However, results in control of the citrus hud mite, 
the citrus rust mite, or anj’- of the other pests of citrus, have not been prom- 
ising. Present indications are that the material is relatively nontoxic to 
beneficial insects. 

A wettable powder containing 40 per cent of this compound is being mar- 
keted under the trade name “Neotran.” It is applied in water suspension 
with either the spray duster or the conventional spray rig. Dust formula- 
tions of K-1875 have not been consistently effective in control of the citrus 
red mite, although they are promising enough to justify further study. 

K-1875 appears to be compatible with the more important insecticides, 
fungicides, and mineral-element-deficiency materials commonly used on 
citrus. Because of its low order of toxicity to warm-blooded animals, it does 
not present a hazard to the men who apply it, nor are residues on the fruit 
considered to he of significance. (For full discussion of this material see 
Jeppson, 1948.) 

TARTAR EMETIC 

Tartar emetic was formerly used generally for control of citrus thrips. 
However, it is now used only on a relatively small proportion of the acreage 
because there has developed a race of citrus thrips that is resistant to the 
tartar emetic treatment. Tartar emetic must he combined with sugar in order 
to be effective against citrus thrips. It has been most generally applied with 
a spray duster. There has been limited use of a mixture of tartar emetic and 
sugar for control of snails, klaterials other than sugar should not be used 
with tartar emetic. (See pp. 690-691 for details.) 

DICHLORODIPHENTL TRTCHLOROETHANE 

DDT, or, more specifically l.l,l-trichloro-2,2-bis (p-chlorophenyl) -ethane, 
shows promise in control of citricola, black, soft (or: soft brown), red, and 
purple scales, citrus thrips, and greenhouse thrips. It is at present being used 
for the control of citricola scale and citrus thrips in Tulare County, Califor- 
nia, and for control of citrus thrips on lemons in several areas in southern 
California. Against the citricola scale it is used in solution in kerosene or 
other especially light-grade oils, in late winter. At the time these scales begin 
hatching in early May. which is also an appropriate time for controlling 
citrus thrips, a dust mixture containing 2 per cent DDT and 85 per cent 
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sulfur is useful against both insects. Against citrus thrips alone it is prin- 
cipally used as a wettable powder applied with the spray duster, although 
DDT-sulfur dust is also used for this purpose in Tulare County, California. 
As yet, there is no commercial use of DDT on citrus for other purposes. 

It was clearly evident during the 1946 and 1947 seasons that DDT might 
seriously upset the vedalia-eottony cushion scale complex. Therefore, the 
general use of DDT on citrus cannot be recommended as yet. (See pp. 691-692 
for details.) 

The methoxy analogue of DDT known as methoxychlor or DMDT has not 
as yet shown promise for use on citrus. 

ornER chlorinated hydrocarbons 

DDD (diehlorodiphenyl dichloroethane), benzene hexachloride, chlor- 
dan, and chlorinated eamphenc (“Toxaphene”) have not as yet shown 
promise for use on citrus in California. 

HEXAETHTL TETRAPHOSPHATE AND TETRAETHYL PYROPHOSPHATE 
(hetp and tep) 

Hexaethyl tetraphosphate (HETP) was first used in a limited way com- 
mercially during the spring season of 1947 for control of aphids on citrus 
trees. It was generally applied as a liquid, by means of a spray duster, or as 
a dust. Subsequent investigations strongly indicate that the principal toxic 
material in HETP is tetraethjd pjTophosphate (TEP). Consequently, the 
present trend is toward the use of TEP for those purposes for which HETP 
was formerly used. Until experimental work now in progress with standard- 
ized TEP preparations is completed, it will not be possible to indicate accu- 
rately the dosage and foi’mulation requirements for use in control of aphids 
on citrus. 

Although TEP is known to be toxic to certain other pests on citrus, present 
indications are not promising for its use in practical control of any species 
other than aphids. 

These organic phosphate materials .should be handled very carefully by 
operators, in order to avoid possible adverse effects. 

PARATHION 

(0,0-diethyl o-p-nitrophenyl thiophosphate) 

Parathion first became available early in 1947. Laboratory and field studies 
with it during that year afforded promising results against many of the citrus 
pests. The material Avas used, in the main, as a spray employing a wettable 
powder containing 25 per cent parathion and applied both with the conven- 
tional spray rig and with the spray duster. However, dust formulations con- 
taining 1, 2, and 4 per cent parathion were also used. An extensive program 
of field study with parathion is currently (1948) in progress in an effort to 
determine optimum dosages and most effective formulations and means of 
ai^plication in control of those pests against Avhich it appears promising. 

In common Avith the other organic phosphate materials, HETP and TEP, 
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mentioned above, parathion shoxild be bandied very carefully by operators, 
in order to avoid possible adverse effects. 

THIOCTAK'ATES 

(Lethanes) 

The proprietaiy thiocyanate preparations, that is, lethanes, are but little 
used on citrus for control of citrus aphids and greenhouse thrips. Against 
aphids, the material is used in both spray and dust iDi-eparations. Against 
the greenhouse thrips, it is used in combination with low dosages of petroleum 
oil. 

SUOTJK 

Sulfur is used as a drist, and as wettable sulfur in combination with lime 
sulfur, for control of citrus thrips and eitricola scale in Tulare Countj',- 
California. Eccently, DDT (2 per cent) has been incorporated with sulfur 
dust for control of these insects. Sulfur dust, and wettable sulfur, alone, 
or in combination with lime sulfur, are also used in sprays for control of 
the citrus rust mite. The sulfur-lime .sulfur sprays are also etfcctive for 
u inter and early spring season use in control of the citrus bud mite. Lime 
sulfur alone, or sometimes in combination with miscible oil, has been com- 
monly used in late winter for continl of the eitricola scale in central Califor- 
nia. The general specifications’ for sulfur used for dusting and in wettable 
sulfur for spraying are : fineness, 95 per cent through 325-mesh screen, and 
sulfur content of at least 95 per cent. 

Sulfur is likely to cause injurj% as is evidenced by burning of fniits par- 
ticularly, when temperatures are high, that is, 90° F. or above. Its use on 
citrus is therefore limited. 

CRYOLITE 

Cryolite from both natural and synthetic sources is widely used for control 
of orange worms. It is apjilied as a dust alone or in combination with DN, or 
as a spray alone or in combination with nicotine, rotenone, zinc oxide, or 
petroleum oil. Crjmlite is also used for control of Fuller’s rose weevil and 
Diabrotica beetles whenever measures again.st these insects are necessa'rj'^. 

APPLICATION OP INSECTICIDES 

The application of insecticides on citrus trees is done chiefly by pest-control 
companies, on a contractual basis, and by cooperative pest-control organiza- 
tions. However, many orchardists with extensive plantings have their own 
equipment for applying insecticides. 

FUMIGATION 

The application of HCN is a highly specialized operation and for that 
reason has been treated under the general subject of “Fumigation,” p. 771. 

SPRAYING 

Regular spray rigs. — Spraying is done with conventional mobile spray 
equipment. In recent years, spray pumps and tanks of increased capacity 
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have been used, as a step toward more efficient operation. The spray pumps 
generally have a capacity of 35 to 85 gallons per minute. The tanlcs are 
usually of 500-gallon size, although many are larger. Towers for adequate 
coverage of the tops of the trees are necessary and standard equipment. The 
type at present in general use is the hydraulically operated telescoping mast, 
capable of elevating the spray men to a height of about thirty feet above the 
ground. A platform, or ‘ ‘ catwalk, ’ ’ at the top of the mast makes it possible 
for a spray man to spray almost dii-ectly downward on the citrus tree (fig. 



Fig. 253. Service or ‘‘nurse rig** for servicing spray rig in the orchard. 
(Photo by K. S. Woglum.) 


252). In practice, one or two men spray from the tower (two when very 
large trees are being treated), and two from the ground. The operating pres- 
sure at the pump is at least 600 pounds. The opening in the disk of the 
spray gun varies from 7/64 to 9/64 inch. From 25 to 35 gallons of spray 
mixture are applied on, an average-sized orange tree for the control (for 
example) of red scale. The spraying technique is such that thorough cover- 
age of the tree is obtained, with particular emphasis on the inner part of the 
tree, where complete coverage is so essential to satisfactory results in control 
of scale insects. 

The development of service rigs, commonly called ‘ ‘ nurse rigs, ’ ’ has greatly 
expedited the spraying operation. These mobile tanks, with pumps having a 
capacity of 100 to 300 gallons per minute, service the spray rig in the orchard, 
delivering either (1) a mixed spray or (2) the water and other ingredients 
singly, which are mixed as the spray rig is being filled (fig. 253). (For a full 
account see Woglum, 19476, and Woglum and Lewis, 19476.) 
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Broom guns . — Broom guns, which have banks of nozzles in rows of 3 to 8, 
are commonly used in the application of material for control of citrus thrips 
and citrus aphids or for the application of elemental nutritional s] 5 rays. The 
gallonage per tree may vary from 2 gallons to 12 gallons, depending upon 
the purpose of the treatment and the material used. When making broom- 
gun applications the spray men usually ride on the spray rig (fig. 254). 



Boom sprayers . — In recent years the mechanized application of sprays 
has been widely developed. “Booms” of many types and designs have been 
constructed, for the most part by pest-control operators, and are becoming 
greatly improved. Although the best application by boom sprayers cannot 
be considered as good coverage as that obtained by the usual hand-operated 
spray guns, especially for the inner part of the tree, application with the 
more recently constructed booms is almost as good as hand application. Essen- 
tially, the boom is an upright extension, usually mounted on the rear of the 
spray rig, on which are mounted varying numbers of spray guns or nozzles 
which mechanically move back and forth, or up and down, or with a circular 
motion (figs. 255, 256). The number of nozzles varies from 6 to 32, depending 
upon the pump capacity and the design of the boom. The pumps on boom 
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Fig. 'I'in. The Loueks boom sprayer. The boom is 22 feet high and is equipped with 22 
“short” guns whieli are installed in two separate series. There is also an independent 12-foot 
boom equipped with inist-tj’pe nozzles for close-up work. (Photo courtesy Hardie Mfg. Co.l 
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rigs vary in capacity from 55 to 140 gallons per minute. (For full disciission 
of booms -with illustrations see Woglum, 1944(j, 1945a-, 19465, 1946c.) 

“Speed sprayer .” — The “speed sprayer," whieh is widely used in Florida 
on citrus, and elsewhere on deciduous trees, has not yet been generally adopted 
in California for use on citrus. This machine employs a very large volume of 
air to distribute the spray mixture on the tree (fig. 257). Investigatiojis with 

] 

7 

1 



Pig. 256. The Corona, Foothill Lemon Company iiooin sprayor. This is a douhlo hoom 15 
feet in height which may he adjusted to spray on each side for “skeleton” coverage, or all 
guns may be directed to one side for more thorough coverage. (Photo by It. S. Woglum.) 


an improA'ed model of this equipment are now in progress. Its iirincipa) ad- 
vantages are mechanical simplicity and rapid application witli a miniimnn 
man-power requirement. 

DUSTING 

Equipment for applying dusts has been greatly improved in the past 
decade. In connection with the development of DN-Dust for the control of 
mites on citrus it was necessary to improve the existing methods of applica- 
tion (Boyce and Kagj'', 1941). A result is the present dusting equipment, 
which employs the principle of using a large volume of air (20,000 to 30,000 
cubic feet per minute) at a relatively low velocity (approximately 75 miles 
per hour). The air-borne dust is discharged through large vertical fishtail 
orifices (fig. 258) in such a way that the entire tree is covered by a vertical 
band of dust as the equipment is moved past it. “Flippers” terminating each 
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discharge orifice of the fishtails mechanically oscillate forward and back- 
ward, with a consequent movement of the fruit and foliage which permits 
more thorough application of the dust mixture throughout the inner parts 
of the tree and on the “hack sides ”of leaves and fruits. The mobile dusting 
equipment travels between each two rows of trees and discharges dust to 
both right and left (fig. 259) ; hence all trees are dusted from both sides. 
Dusting should only be done when the air is quiet, and therefore is done 





Fig. 257. Speed sprayer in ojieration on citrus. (Piioto courtesy of Food Machinery Corp.) 

almost exclusively at night. In the application of dust mixtures such as DN- 
Dust and cryolite the travel rate of the dusting equipment should not exceed 
three miles per hour. (For details relative to technique of citrus dusting see 
Sloop, 1946.) 

SPRAY DUSTING 

The local term “spray dusting” indicates the application of finely divided 
spray mixtures conveyed to the tree in an air blast (fig. 260). Many of the 
conventional citrus dusters are equipped with pump and tank and with 
nozzles in the fishtail discharges for the application of liquids. As small an 
amount as 20 gallons per acre uniformly distributed on the outer surfaces of 
the trees can be applied with this equipment. The smaller amounts of spray 
mixture are generally used for the control of citrus thrips. Larger quantities. 
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rig. 258. Citrus duster. Note streamlining of duster and truck to avoid tree and fruit 
d.'image in operation in “tight” orchards. (Graves and Howley equipment ; photo by K. S. 
Woglum.) 


however, to as much as 500 gallons per acre, are applied for control of aphids 
and red spiders or for the application of nutritional sprays containing zinc 
or manganese. 

An additional feature of this equipment is that small quantities of liquid 
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maybe applied simultaneously with dust mixtures for adhesive and other 
purposes. 

APPLilUATlON BV AlHCKAl'T 

The application of insecticides on citrus by means of aircraft (fig. 261) 
has not as yet been generally effective enough to compete with application 
from the ground. However, improvements in aircraft equipment and the 
techniques of applying dust and spraj’s, including application by helicopter, 



25H. Rejir view of citrus duster in operation. 


together with the array of new and promising insecticides, may result ulti- 
mately in satisfactory control of certain insects by application of materials 
from aircraft. 

AEROSOLS 

Heat-generated aerosols, or insecticide “fogs,” and gas-propelled aerosols, 
also, are now being studied. There has been a very limited commercial use of 
thermal aerosol machines i'or the application of HETP and TEP for aphid 
control on citrus. 


CITRUS PEST CONTROL IN ARIZONA 

Pest-control problems on citrus in Arizona are relatively minor in com- 
parison with those in California and Florida. The citrus thrips is the only 
generally important pest of citrus in Arizona and the tartar emetic-sugar 
treatment is applied with the spray duster or with broom guns. However, 
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there are indications that the cit- 
rus tiirips is becoming resistant to 
tartar emetic in several localities 
(Woglum, 1947a ; Roney and 
Lewis, 1948), and DDT is being 
used as a substitute. There has 
been limited application of DDT 
with thermal aerosol machines, 
and with aircraft, for control of 
citrus thrips. 

Grasshoppers may be destruc- 
tive in localized areas iinless con- 
trolled with sodium fluosilicate 
bran sawdust bait or with sprays 
or duifits containing chlordan or 
other toxicants applied directly 
to the citrus trees. 

CITRUS PEST CONTROL 
IN TEXAS 

Until about 1937, scale insects, 
the California red scale in par- 
ticular, were ver.v damaging to 
Texas citrus orchards, often re- 
quiring fumigation or spraying 
with oil annually. Friend (1946) 
writes : “During the past 10 years, 
however, natural control has 
taken care of this destructive 
insect (California red scale). 
‘Friendly’ fungi and several types 
of insect parasites and predators 
have made it unnecessary for 
most Valley growers to use any 
kind of artificial control for any 
type of scale insect or white fly 
that infests citrus trees in this 
area.” 

In the relatively few places in 
Texas where measures must be 
taken for the control of scale in- 
sects in,iurious to citrus, oil spray 
is usual l.y applied with conven- 
tional spray equipment. In the 



Pig. 260 . SiJi'iiy duster in operation. (James West 
equipment; photo by Prashers Potos.) 


Winter Haven locality “speed sprayers” are also used. 


The principal material regularly used on citrus in Texas is sulfur for con- 


798 Citrus Industry; Production of the Crop 

trol of the citrus rust mite and the Texas citrus mite. Sulfur dust is applied 
by both ground and aircraft equipment. 

CITRUS PEST CONTROL IN FLORIDA 

Prom 1933 to 1939, changes in spray practices for pest control in Florida 
were necessitated by new and important developments in cultural practices 
in the citrus orchards, particularly in the application of copper, zinc, and 
manganese in sprays for nutritional purposes. It should be noted that copper 
had already been in general use for many years as a fungicide ; hence it serves 






Fig. 2fil. Aircraft apirlication of dust on citrus. (Plioto by C. F. Gallagan.) 


a dual puriiose (Thompson, 1939). Since the late 1930’s, the spray program 
has been related closely to a carefully planned and coordinated program of 
insect and disease control, together with maintenance of adequate nutritional 
levels of copper, zinc, magnesium, and manganese in the trees, with the objec- 
tive of preventing an acute need for correction of any of the problems. In 
furtherance of that objective, the Advisory Committee of the Florida Citrus 
Commis.sion each year prepares and issues a Better Fruit Program Spray 
and Dust Schedule for that particular year. It is a comprehensive schedule 
based on information supplied by state, federal, and industrial organizations, 
and includes four separate schedules the titles of which are : 

Schedule A. For grapefruit, Temple oranges, and Satsuma oranges in areas where 
scab and melanose are expected to be severe and for scales, whiteflles, rust mites, 
six-spotted mites, and purple mites, 

Schedule B. For oranges and tangerines throughout the state and grapefruit in 
areas where scab is of minor importance and melanose is expected to be severe, and 
for scales, whiteflles, rust mites, six-spotted mites, and purple mites. 
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Schedule C. For the control of scales, whiteflies, rust mites, six-spotted mites, and 
purple mites, when neither scab nor melanose is Important, 

Schedule D. Use for mites only. 

In addition to these fotir schedules there are two sections entitled “General 
Instructions” and “Special Recommendations.” 

Ill order to indicate the ])est-eontrol requirements and the general com- 
plexity of citrus pest control in Florida, Schedule B and the section entitled 
“Special Recommendations” of the “Spray and Dust Schedule for 1948 
Season” will be given beloiv. Since it is not feasible to reproduce here the 
entire schedule for Florida, it should be understood that intelligent use of 
Schedule B requires reference to other parts of the Spray and Dust Schedule. 

BETTER FRUIT PROGRAM* 

Spray and Dust Schedule foe 1948 Season 

SCHEDULE B 

(All weights and measures are calculated per hundred gallons of water.) 

For oranges and tangerines throughout the state and grapefruit in areas where 
scab is of minor importance and melanose is expected to be severe, and for scales, 
whiteflies, rust mites, six-spotted mites, and purple mites. 

I. Dormant spray, January. This application is extremely effective in controlling 
rust mites and for nutritional purposes before bloom. Use 6 lbs. wettable sulfur plus 
either 2 to 2% gala, of liquid lime-sulfur or 4 to 8 lbs. dry lime-sulfur; and add 3 lbs. 
zinc sulfate for nutritional purposes. 

Alternate. If purple mites are present use 3 lbs. zinc sulfate, 1 lb. hydrated lime, 
10 lbs. wettable sulfur, and % lb. DN,t adding DN when tank is % full, or DN-sulfur 
dust. 

II. For melanose apply 1 to 3 weeks after fruit has set. Use copper sprayt plus 
5 to 10 lbs. wettable sulfur; if zinc was omitted in i, add 3 lbs. zinc sulfate and 1% lbs. 
hydrated lime. 

Alternate. If purple mites and/or six-spotted mites are numerous, use neutral 
coppert plus 5 to 10 lbs. wettable sulfur and % lb. DN. Do not use DN on tender 
foliage or when temperature is above 88' P. 

Alternate. For purple mites and/or six-spotted mites and to reduce excessive 
scale population in the spring, use copper spray with oil at 1.3 per cent and omit 
zinc, lime, and sulfur. See note under scale control in special recommendations as to 
copper oil. 

III. If rust mites become numerous befoi-e the oil spray iv, use 5 to 10 lbs. wettable 
sulfur plus either 1V4 gals, liquid lime-sulfur or 3 to 6 lbs. dry lime-sulfur; or dust 
with sulfur. This application is seldom necessary and should only be used if inspec- 
tion shows rust mite infestation. 

IV. For scale insects and whiteflies, June through July, but June 15 to July 16 
preferred. Use oil at 1.3 to 1.5 per cent.§ This spray should not follow closer than 

* From the Florida Citrus Commission. Lakeland, Florida. 

t All copper sprays are based on 3-3-100 bordeaux or its fungicidal equivalent in 
other forms of copper which have proved satisfactory. 

t DN is the common term for dinitro-o-cyclohexyl phenol. 

i All percentages of oil in oil sprays are percentages of actual oil, not percentages 
of emulsion or stock. 
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3 to 4 weeks after applications u or m. This application and its thoroughness are 
extremely important. See special recommendations on scale control. August and 
September oil spraying reduces solids in the juice and delays coloring. 

V. For rust mites, starting about August 15. Use, as needed, on early and mid- 
season oranges and tangerines, 10 lbs. wettable sulfur: or dust with sulfur; and on 
late oranges and grapefruit 1 gal. liquid lime-sulfur or 3 to 4 lbs. dry lime-sulfur 
may be added to the above sprays. 

Alternate. For scales and purple mites, in October, use oil at 1.3 to 1.5 per cent. 

VI. For purple mites, six-spotted mites, and rust mites, late October through 
December, use 10 lbs. wettable sulfur plus % lb. DN; or DN-sultur dust. Examine 
summer and fall growth for purple mite infestations. 

Alternate. For rust mites only, use 5 to 10 lbs. wettable sulfur plus 2 gals, liquid 
lime-sulfur or 4 to 8 lbs. dry lime-sulfur; or dust with sulfur. Rust mites are difficult 
to see on colored fruit; consequently, leaves should be examined. 

SPECIAL RECOMMENDATIONS 

Scale control: In spraying for scales particular attention should be given to cover- 
ing inside twigs and wood as well as the undersurfaces of the leaves because the oil 
must come in contact with the scales to kill them. 

Red scales are extremely difficult to control and it present even in small numbers 
are potentially dangerous. July 1 to August 1 Is the preferred period for red scale 
control, but for varieties to be moved early in the fall oil spraying after July 15 may 
reduce solids and retard coloring. In groves having a heavy carry-over of scale in 
the spring a combination of oil emulsion and copper may be used in place of the 
regular melanose spray. Fruit marking may occur and frequently Is serious. How- 
ever, there is less Injury when the spray is applied before the fruit reaches % inch 
in diameter. Growers should keep this In mind and realize that there is some risk 
in using copper oil at any time after the fruit is set. Grapefruit are less susceptible 
to this Injury than oranges. Not all coppers and oils are compatible, and in some 
combinations the copper is flocculated and lack of melanose control may result 
or considerable fruit burn may occur. When using a proprietary copper with oil, 
consult your supplier tor information on the compatibility of the particular copper 
and oil emulsion used and examine the spray mixture in a glass container before 
using to see whether it has a line texture or whether the copper is flocculated 
(curdled) into small flakes or lumps giving the spray mixture a coarse-textured 
appearance. If flocculation occurs, use a deflocculator recommended by the manu- 
facturer of the- oil used. The copper Is usually used at the regular rate and oil at 
1.3 per cent actual oil. A copper oil spray does not eliminate the necessity for the 
regular summer oil application. 

Mealybugs: During May and early June, mealybug infestations may be reduced 
if an oil emulsion is applied in such a way as to wash oft as many mealybugs as 
possible. 

Rust mites: Winter damage caused by mites may be severe to both trees and 
mature fruit. This emphasizes the importance of application vi on all schedules. 
Periodic inspections for mites should be made during the entire period that the 
crop is on the trees, including the rainy season. Rust mites are not controlled by 
rain. 

Red spiders : This is a group name and includes both six-sifotted mites and purple 
mites. The six-spotted mites are practically always found on the underside of the 
leaves and cause a yellow spotting and sometimes a distortion of the leaves; in cases 
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of severe infestations a heavy droppage of leaves may occur. Purple mites are most 
common on oranges and tangerines and work on the green twigs and both sides of 
the loaves. During periods of dry weather heavy infestations may cause leaf drop and 
twig Injury, and in the fall dying of the twigs commonly occurs. During October 
and November Inspect the twigs as well as the leaves for infestations on summer and 
tall growth. 

Aphids: Aphis control is particularly important on young trees, older trees that 
are slow in growing and sparse of foliage, or where infestation is very heavy during 
blooming period. If control measures are necessary, they should be carried out 
while infestation is light and foliage young. After a large percentage of leaves are 
curled or new growth nearly mature (4 to 5 inches long) , control is not practicable. 
Coverage is very important. Schedule: January and February — spot spraying or 
dusting for small colonies. March and April — spray or dust before many leaves are 
curled. Use either 3 per cent nicotine-lime dust, applied during calm weather, or 
add nicotine sulfate to any spray listed in the schedule at the rate of 1 lb. per 100 
gals, of the diluted spray. Hexaethyl tetraphosphate (HETP) at 1-1600 of the active 
ingredient per 100 gallons is an effective aphicide. Benzene hexachloride (3 lbs. 
6 per cent gamma isomer per 100 gals.) is also effective in killing aphids, but should 
not be used between the time the fruit has set and September 1st. Neither HETP 
nor BHC should be used in sprays containing lime. 

Plant hugs: Plant bugs cause considerable fruit damage on all varieties of citrus 
and particularly on early and mid-season oranges and tangerines. They may be 
controlled by treating the trees and cover crop with benzene hexachloride; 3 lbs. 
of a wettable (6 per cent gamma isomer) material per 100 gals, of water or with dust 
(1 per cent gamma isomer) at 60 lbs. per acre. These may be mixed with wettable 
or dusting sulfur. 

Grasshoppers : In groves where grasshoppers are expected to be a problem, it is 
possible to obtain considerable control by the use of judicious cultivation practices 
(consult Citrus Experiment Station). Where Immediate control is necessary, either 
of these materials may be used: benzene hexachloride at 0.4 to 0.5 lb. of gamma 
Isomer per acre; chlordane at 1.5 to 2.0 lbs. of technical chlordane per acre; and 
chlorinated camphene at 3.5 to 4.5 lbs. of active ingredient per acre. These materials 
may be mixed with wettable or dusting sulfur and applied either as dusts or sprays. 

Little fire ants: In groves where little fire ants interfere with picking fruit, spray 
trunks and main branches 2 weeks before picking time with wettable DDT at rate 
of % lb. of actual DDT per 100 gals, of water. With 50 per cent wettable DDT this 
requires 1 lb. of the material. Keep DDT sprays away from leaves as much as pos- 
sible, as DDT will kill ladybeetles and other beneficial insects if leaves are covered, 
and may bring out increases of scales and mites. 

Other species of ants: Ants nesting around the base of a tree may be killed by 
mixing a small amount of a 5 per cent chlordane dust with the top inch of soil 
over the anthill. Then spread an additional amount over the surface of the soil 
around the base of the tree. Anthills in the middles may be treated by applying a 
small amount of dust over the anthill. 

Pruning : Experimental data show that when the trees are reasonably free of dead 
wood, more effective control of melanose by copper applications is obtained. This is 
especially true with regard to wood that has been recently killed, and consequently, 
pruning to keep the trees reasonably free of dead wood is an important part of a 
melanose control program. In bearing trees removal of water sprouts and limbs 
touching the ground will slow up scale spread and simplify spraying. 
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It is evident from perusal of the foregoing Schedule B that: (1) the prin- 
cipal insecticides in general use in Florida are petroleum oil, lime sulfur 
(liquid and dry ) , sulfur as wettable or as dust, and DN (dinitro-o-eyelohexyl- 
phenol) as wettable or as dust with sulfur; and (2) that most of the insecti- 
cides are applied as sprays. 

The petroleum oils in general use in Florida range from 70 to 100 see. 
Say. viscosity, with an unsulfonated residue of from 75 to 85 per cent. Oils 
of both a paraffinic and a naphthenic base are used. It is probable that 
the use of paraffin-base oil predominates. Only a relatively small amount of 
the more highly refined oils, that is, 90 to 95 per cent unsulfonated residue, 
is employed. The oils are used both as stock emulsions and as tank mixtures. 
June and July constitute the preferable time for using oil sprays to control 
scales, with least adverse effects on the trees and fruit. (W. L. Thompson, 
from correspondence). Besides conventional spray and dust equipment, 
“speed sprayers” are used extensively in Florida for the application of 
various spray materials on citrus trees. 
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QUARANTINE AND QUARANTINE SERVICE 

By 

HARRY S. SMITH 

THE PURPOSE OF PLANT QUARANTINE 

T |he sole purpose of plant quarantine is to protect agricultural areas 
against the introduction and establishment of plant pests and diseases 
from ■which they are free. Many pests and diseases are more or less spe- 
cific in their action ; that is, they attack only certain groups of related host 
plants. Therefore, ■when a cultivated plant is introduced into a country Avhere 
no near relatives occur, naturally it is likely to be fairly free from serious 
pests and diseases, the native insects and diseases being in large measure 
unable to adapt themselves to such hosts. This desirable condition has not. 
as a rule, been maintained for any great length of time in any particular lo- 
calit 3 '^, for the reason that extensive commerce in nurser.v stock and other 
commodities on which pests and diseases inaj^ be carried has restilted in the 
introduction and establishment of many of them. 

In the most important citrus-producing areas of the world the genus Cirrus 
is itself an introduction, but we find that the major pests and diseases of this 
plant are common to many of the citrus-producing areas as a result of their 
dissemination through human transport. The California red scale, Aonidiella 
aurantii (Mask.) ; the Florida red scale, Ghrysomphalus aonidum (Linn.) ; 
the purple scale, Lepidosaphes leckii (Newm.) ; the citrus mealybug. Pseudo- 
coccus citri (Risso) ; the Spanish red scale, C. dictyospermi (Morgan) ; the 
citrus white fly, Aleurod^s citn Ashm. ; and the Mediterranean fruit fly, 
Ceratitis capitata Wied., occur rather generallj'^ in the important citrus areas, 
although many of them are free from one or another of these pests. The pur- 
pose of plant quarantine as advantageous to the citrus industrj' is to prevent 
the establishment of pests in the citrus-producing areas which are still free 
from them (Fleury, 1926). 

It may reasonably be assumed that under primitive conditions, before the 
advent of agriculture and commerce, all forms of life had reached stability 
so far as their geographical distribution is concerned. A method of natural 
dissemination has always existed for every organism. Either it has been 
provided with some means of locomotion, such as the ability to swim, crawl, 
or fly, or it has been carried about by some agency which moves from place 
to place. It may be carried, for example, by other animals or plants, or bj’ 
air (Quayle, 1916) or water currents. 

These agencies of natural distribution are not universallj' operative, and 
often are nullified by barriers. Barriers which tend to counteract natural 
dispci’sal are of various types, but may be classified in three general cate- 
gories: topographical, climatological, and biological. A topographical bar- 
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rier may consist of an ocean, a high mountain range, or a desert which an 
organism is unable to traverse. A climatic barrier may consist of a zone or an 
area which an organism is unable to cross because of unfavorable meteoro- 
logical conditions such as heat, cold, humidity, or aridity. A biological bar- 
rier may consist of a zone or area which an organism is unable to cross because 
its food plant or host is not present there (Orton and Beattie, 1923) . 

All organisms also have certain environmental requirements which must 
be present in a locality before they can exist. For instance, plants require 
certain soil or water conditions or a special type of climate. In their geo- 
graphic distribution, animals are limited to areas where their particular 
kind of food exists, and the like. 

We have, then, three factors wliieh determine the natural distribution of 
organisms : means of locomotion, barriers, and fitness of the environment for 
the existence of the particular species. Effectiveness of the natural means of 
locomotion varies greatly among species. However, because of the long periods 
of time through which it has had an opportunity to act, a species has always 
been able to distribute itself from its point of origin to all localities where 
the environment is suitable for its existence, except where natural harriers 
have intervemd. It follows from this that there are many areas on the earth 
where a species could thrive, the environment being favorable, but in which 
it does not exist because its natural means of locomotion has not been such 
as to enable it to surmount the barriers which keep it out. Man, with his 
development of ?nethocls of transportation, has provided a means of breaking 
down these natural barriers ; and, unless steps are taken to prevent it, the 
ultimate effect of man’s influence will be that each species will occupy all 
parts of the earth’s surface which are environmentally favorable to its exist- 
ence. The development of plant quarantine is an attempt to prevent these 
consequences so far as pests and diseases of plants which are useful to man 
are concerned (Smith et al., 1933). 

PRINCIPLES AND LIMITATIONS OF PLANT QUARANTINE 

Factors, then, which have an important bearing on the possibilities and 
the development of plant quarantine are: the existence of barriers; the envi- 
i-onmental limitations of species ; and the nature and habits of the pest or of 
the disease-producing organism, such as the number of kindsof plants affected, 
the part of the plant affected, whether the affected part is transported in com- 
merce, and whether the pest or disease may be carried in commodities other 
than the host or separately from the host. 

In general, living plants or parts thereof (nursery stock, bulbs, tubers, 
roots, cuttings, etc. ) form the most dangerous carriers of pests and diseases ; 
but, when only certain parts of the plant are attacked, other parts may be 
trans]5orted safely in commerce. For example, the citrus white fly is not trans- 
ported on the fruit, but only on the leaves of the host plant ; therefore, fruit 
from an area infested by white fly may be admitted safely to an area free 
from this pest. The Mediterranean fruit fly attacks only the fruit; hence 
citrus nur.sery stock from an infested area could safely be admitted into an 
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uninfested area, but not 'with soil on the roots, since this pest pupates in the 
soil. It is obvious, then, that an intimate knowledge of the biology of a pest or 
disease is fundamental to the devising of quarantine measures to prevent its 
spread. 

It is undoubtedly true that the exclusion by quarantine of every individual 
insect or disease-producing organism from an area is often a practical impos- 
sibility. However, this does not necessarily make a quarantine against it 
ineffective or unjustifiable. It is not ordinarily a simple matter for an insect 
pest or plant disease to become established in an area previously free from it, 
even though it occasionally slips through the quarantine lino. Usually, a 
complicated set of conditions must exist before an introduction can result 
in the permanent establishment of a pest or disease. 

Among the requirements that must be fulfilled if an introduction is to 
result in the permanent establishment of a species are the following : special 
conditions for the infection of the host plant, such as woimds or abrasions, 
must sometimes exist ; sometimes the organism must arrive only at a certain 
season ; the introduction must usually occur in the immediate vicinity of the 
host plant ; species which require alternate host plants, such as white pine 
blister rust, must be introduced into a locality where both host species occur ; 
with a few exceptions the insects brought in must be fertilized females, or 
both sexes must be admitted simultaneoiisly if fertilization is to occur ; the 
organism must be introduced in sufficient numbers to insure that at least 
a few will persist after unfavorable climatic conditions, host resistance, and 
the attack of enemies have taken their toll. In general, then, it will be seen 
that the chances are usually against successful establishment by the introduc- 
tion of a very few scattered insects or plant-disease organisms. This fact has 
been well demonstrated experimentally where the purposeful introduction 
of plant-feeding insects has been attempted, as for example the introduction 
of insects into Hawaii to control the weed Lantana, and into Australia to con- 
trol prickly pear (Smith, 1930). 

That introductions so often fail to bring about the permanent establish- 
ment of pests and diseases in new habitats is of fundamental importance to 
plant quarantines. It is manifestly impossible to prevent every introduction 
by legal restrictions ; but, if introductions happen frequently enough, or on 
a sufficiently large scale, sooner or later the right combination of circum- 
stances ■will occur and establishment ■will result. Plant quarantine can make 
these introductions so infrequent, so scattered, or so infinitely small that 
establishment will be either greatly deferred or prevented altogether. 

The establishment of a pest or disease in a locality previously free from it 
does not necessarily mean that it Avill become economically important there. 
Climatic conditions, such as amount and seasonal distribution of rainfall, 
humidity, fogs, and degrees and range of temperature have a great deal to do 
with the abundance of pests and the virulence of plant diseases (Stevens, 
1917). A pest or disease which in some parts of the world is of major impor- 
tance on citrus may become established in other areas where citrus is an im- 
portant crop and be of no economic importance whatever ; for example, 
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citrus melanose, -which is a disease of great destructiveness in Florida, has 
no economic significance in California, xmdoubtedly because California sum- 
mers are rainless -whereas in Florida the -H'arm weather is accompanied by 
rainfall. Citrus scab, apparently, is another such example (Peltier and Fred- 
erich, 1926). There are many parallel examples among insect pests. The 
black scale is a serious pest of citrus in southern California except in the 
desert areas, but never causes damage on citrus in the interior sections of 
central California. The citrieola scale thrives in the arid interior sections 
but does no damage in the fog belt, whereas the opposite is true of the 
purple scale. The cause of these peculiarities is undoubtedly climatic. Com- 
petition and attack by enemies also influence the abundance of pests, and 
an excessive number of insects established in new habitats is very often 
due to the fact that their insect enemies were left behind when the intro- 
duction took place. 

No method has been developed by which it can be ascertained positively 
in advance whether environmental conditions in a new habitat are favor- 
able or unfavorable to a given pest or disease, but the evidence is sometimes 
so conclusive as to leave no reasonable doubt. Strong indications that a pest 
or disease would not thrive in a given locality would seem to cast doubt 
on the advisability of taking quarantine action against it unless the pest 
or disease is particularly destructive, or unless the quarantine require- 
ments are of .such a kind as to cause little or no economic disturbance. In the 
practical application of quarantine, however, it must be recognized that fre- 
quently the environmental requirements of an important pest or disease 
are not sufficiently well known to permit accurate prediction of its adapt- 
ability to a given locality. When the desired knowledge is lacking, it would 
seem unwise to permit the entry of material likely to result in its intro- 
duction. 

Many diseases and pests have more than one host. A knowledge of host 
relations is therefore a prime essential if quarantine action is to be sound. 
It is obviously futile to quarantine against some carriers and permit the 
entry of other carriers of the same pest or disease originating in the infested 
area. 

As we have noted, the natural disseminative powers of a plant pest or 
disease are such that, given sufficient time, it will establish itself in all 
those areas where environmental conditions are .suited to its existence, 
except those from which it is excluded by natural barriers over which it is 
Unable to pass except by human transport. Natural barriers are therefore 
of great importance in relation to the development of plant quarantine. 

The natural barriers may be absolute or partial, according as they pre- 
vent or only retard the natural dispersal of a given organism. Since dis- 
persal across an absolute natural barrier is possible, theoretically, only 
through human agency, the spread of pests and diseases across it is subject 
to control of man. High mountain ranges are ordinarily traversed by rela- 
tively few passes through which commodities and vehicles may enter the 
area that is to be protected from invasion. A wide expanse of desert large 
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enough, to form a natural barrier is usually traversed by only a small num- 
ber of arterial highways. A seacoast usually has few seaports through which 
dangerous material might enter. Great distance itself is a natural barrier, 
but only a temporary one. Plant quarantine may sometimes be used justi- 
fiably Avhere a distance barrier exists, but it must be borne in mind that a 
delay in the invasion is all that can then be hoped for, and hence that 
extreme restrictions under .such conditions are of doubtful advisability. 
Furthermore, when distance is the only barrier, a serious difficulty is the 
fact that the transportation lanes between infested and noninfested areas 
are often exceedingly numerous and consequently almost impossible to 
patrol satisfactorily. 

Since the efficacy of quarantine measures is so much influenced by the 
nature of dispersal, the methods by which pests and diseases may gain 
access to areas previously free from them are of great interest and impor- 
tance. So far as quarantine is concerned, dispersal may be somewhat arbi- 
trarily divided into two categories : local and long-distance. Local dispersal 
is brought about largely, but not entirely, by methods of distribution which 
are not due to man’s activities. It includes natural locomotion by flight and 
crawling ; the effect of wind, not only on flying insects but also upon wing- 
less forms such as newly hatched scale insects, young gipsy-moth caterpil- 
lars, red spiders and mites, and on fungus spores and bacteria ; carriage of 
young insects and pathogenic organisms by birds, on their feet and on 
nesting materials ; carriage by other forms of life ; and transportation by 
running water. Local dispersal is also brought about by man’s influence, 
and it is reasonable to include in this category the purely local movement 
of teams, wagons, orchard and farm implements, and the local, noncommer- 
cial transportation or exchange of plants through ignorance or deliberate 
evasion of quarantine rules when such are in force (Butler, 1917). 

Long-distance dispersal takes place entirely as a result of man’s activi- 
ties, mainly through the transportation of commodities such as nursery 
stock, fruit* vegetables, other plants or parts thereof, lumber, stone, or soil. 
Many pests, such as beetles, may be transported in vehicles or in commodi- 
ties with which they have no biological relations but into which they have 
found their way accidentally. However, the short-distance spread of a pest 
or disease cannot ordinarily he prevented, or even appreciably retarded, 
by quarantine action. Man has little or no control over the agencies which 
make natural dispersal possible, such as flight and wind, and hence is pow- 
erless to prevent it. Short-distance spread due to man’s influence would 
theoretically be subject to control, but ordinarily this is not feasible on 
account of the great expense and the extreme inconvenience and irritation 
resulting from such attempts. Regulations can be promulgated that will 
make it unlawful to transport plants locally, but their enforcement is pos- 
sible only in situations of extreme seriousness, as, for example, in connection 
with an eradication campaign. 

Natural dispersal, and even short-distance spread, may presumably be 
retarded by intensive control measures, which often would be more effective 
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than regulations designed to prevent the local transportation of host plants 
since the rigid enforcement of these regulations is impractical. Intensive 
control seems to have been effective in connection with the citrus white fly in 
northern California, where it appears that control measures originally 
designed merely to prevent or delay the spread have not only accomplished 
that purpose but ultimately will result in complete eradication of the pest. 

Quarantine can be used, though rarely, to prevent short-distance spread. 
In the eastern United States, an effort is made to bring about annual eradi- 
cation of the gipsy moth, a nonflying insect, over a zone about thirty miles 
wide at the western boundary of the infested area, this distance being greater 
than the probable limits of annual natural dispersal. Thus far, the moth has 
been held east of this zone. 

Temporary artificial barriers, in the fonn of nonhost zones, are practical 
against pests or diseases having only a single host plant or a very restricted 
host list. They have been used successfully against the pink bollworm of cot- 
ton in the United States. 

Such restrictions are sound enough, provided they are based on a suffi- 
ciently full biological knowledge of the pest or disease they are designed to 
combat. It must be admitted, however, that the expense and inconvenience 
entailed in carrying out this type of regulation are such as to make it appli- 
cable only ir! extremities. Ordinarily, regulations designed to prevent the 
purely local movement of commodities and appliances deemed to be carriers 
of a pest or disease are difficult to justify when it is recognized that natural 
dispersal, not subject to control, will in all likelihood distribute the pest or 
disease over the same area in about the same time, irrespective of the reg\i- 
lations. 

With the exceptions mentioned, quarantines are of real value only when 
supported by natural barriers which prevent or greatly retard natural dis- 
persal and which are of such a nature as to limit the number of transportation 
lanes, making the control of human carriage more easily effective. 

METHODS OP ENFORCING PLANT QUARANTINE 

Inspection at point of delivery . — Several systems have been used, or have 
been suggested, for preventing the establishment of pests and diseases in 
areas free from them. Probably the first method used was insj^ection at the 
point of delivery of imported material deemed to be carriers, and rejection 
of any material that might show signs of infestation or infection. This 
method is still in use in many places. It may occasionally be effective where 
the pest to be excluded is large and conspicuous, or where the material is 
very limited in quantity. However, it has been repeatedly demonstrated by 
experience that it is impossible to prevent the introduction of most pests 
and diseases in this way. Not only is it physically impossible to examine any 
great amount of such material with the necessary care, but it is often impos- 
sible to detect the presence of disease even with the most minute examination : 
most plant-feeding insects which are likely to be transported on nurserj' 
stock or fruit have certain stages which are inconspicuous or hidden and are 
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not therefore easily detected. With respect to many pests, inspection of every 
part of a plant, perhaps even Trith a microscope, would be required to enable 
an inspector to say positively that it was free from infestation. This is par- 
ticularly true for scale insects, the j'-oung of which have a habit of secreting 
themselves beneath bud scales or bark. In their early stages, many boring 
insects can be detected only with great difficulty ; also such fruit-infesting 
insects as the Mediterranean fruit fly, the Mexican orange fly. and others. 



"Fig. 262. California State Border Quarantine Station, Bedwood Highway, Oalifornia- 
Oregou line. (Courtesy California State Department of Agriculture.) 


Relatively few insects are so conspicuous when occurring on nursery stock 
as to make the necessarily cursory inspection of commercial .shipments a reli- 
able safeguard against infestation. As for plant diseases, a considerable time, 
sometimes two or three years, must elapse before conspicuous symptoms 
appears on the host. The pathogenic organism maj'- be present and t^ie infection 
be well under way without external evidence of its presence. It is of course a 
practical impossibility to inspect for such diseases. 

It is not maintained that such inspection is entirely valueless. Certain con- 
spicuous pests could be excluded by this means. Perhaps careful inspection 
of all incoming material and rejection of the entire lot on the first indica- 
tion of infestation might somewhat delay the entry of the pest. Inspection 
might perhaps be justified as a protection against minor pests and diseases. 
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And it may be argued that inspection yields valuable information on the 
geographic distribution of pests and diseases, upon which quarantines may 
be based ; but as against invasion by dangerous pests and diseases a sound 
quarantine program will not ordinarily permit host plants or fruits which 
originate in the infested area to pass into a clean area merely on condition 
that inspection fails to reveal infestation or infection. Instead, quarantines 
should prevent the passage across the quarantine line of all hosts of a pro- 
hibited pest or disease. Such fruits and plants should be declared contra- 
band, and inspection should be limited to the search for and proper disposal 
of such contraband. Only where the material can be treated, as will be dis- 
cussed later, can this requirement be avoided. 

This conclusion, it should be pointed out, does not lessen the necessity of 
an inspection service. Inspectors are essential to prevent the entry of contra- 
band material. 

Inspection at point of ongin. — ^Another system which has been employed 
in some degree is the inspection of shipments’ and their certification at point 
of origin, certification being accepted in lieu of inspection at destination. 
Various plans based on this sj'stem have been proposed for international 
action. The most pretentious of these was that drawn up at the Interna- 
tional Phj'topathological Conference held in Home in 1914 (Butler, 1917). 
At this conference it was decided that each member state was to set up an 
organization charged with the responsibility of inspecting consignments of 
nursery stock intended for export and of supplying certificates to the effect 
that the stock was free from certain pests and diseases. The certificate 
was to serve to admit inspected stock into the countries signing the agree- 
ment. For several years, as a condition of entry of European plants into the 
United States, the Federal Horticultural Board had tested the policy of 
relying on certification, at point of origin, of freedom from infestation. 
When the reliability of the point-of -origin inspection was checked by inspec- 
tion at destination, it Avas discovered that large numbers of plants infested 
with scores of pests and diseases Avere coming in CA'en though they bore 
certificates attesting to their cleanliness. For this reason, the United States 
could not agree to the recommendations of the Rome convention, and the 
system proposed has never come into general use. The objections to this plan, 
which are the same as those raised concerning inspection at destination, are 
based on the practical impossibility of detecting the presence of many plant 
pests and diseases on shipments of propagating or other plant material. 

Use of embargoes. — An alternative to the inspection system is thB use of 
embargoes, that is, the absolute exclusion of certain material from the area 
to be protected. While emliargoes, in conjunction with, natural barriers, would 
effectively prevent the entry of dangerous pests and diseases, a serious objec- 
tion to this method is its interference with trade. General use of complete 
embargoes Avould result in a condition of economic isolation which would be 
more of a detriment to both producers and consumers than any major pest 
or disease. It is necessary, therefore, to seek a compromise method which 
Avill possess most of the safety features of the embargo and yet Avill permit 
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the conduct of interarea trade. This requirement can be most satisfactorily 
met by the adoption of a system of controlled introduction of agricultural 
commodities under embargoes. 

Under such a system, which can be justified only when natural disperaal 
into the protected area is prevented by barriers, a general control is set up 
over all incoming plant material. The plants and parts thereof, including 
fruits and vegetables, are permitted entry on condition that one of the follow- 
ing requirements is met : (1) The commodity is not deemed to be a carrier of 
a major pest or disease which, there is reason to believe, w'ould do serious 
damage to an important crop in the area to he protected. (2) It originates in 
an area where such pests or diseases are believed not to occur. (3) It has 
been produced and packed under such conditions as to preclude danger of 
infestation or infection. (4) It has been or may be subjected to treatment 
which will destroy live infestation or infection. Certification at point of 
origin indicating compliance with requirements 2, 3, and 4 is sound, provided 
the organization issuing the certificate is reliable and has facilities for obtain- 
ing dependable data or otherwise cariying out the requirements. This, unfor- 
tunately, is not always the ease (Smith et al., 1933) . 

The sj’^stem of controlled inteodnetion under embargoes is applicable, it 
will be seen, only to pests and diseases of known economic importance. It must 
be recognized, however, that many major insects and diseases have been rela- 
tively rare and unimportant until transported out of their native habitat. 
The cottony cushion scale, citrophilus mealybug, Japanese beetle, chestnut 
blight, and citrus canker w'ere practically unknown until they were intro- 
duced into the United States. There is not the slightest doubt that in many 
parts of the world there are other insects and di.seases which, if established 
in a new habitat, would become of serious economic consequence. There is 
no way of knowing what these are or where they may occur. Protection 
against them is possible only so far as a political unit is willing to make 
itself independent of commerce in plants and plant products with other 
political units. 

ERADICATION FOLLOWING ACCIDENTAL INTRODUCTIONS 

It is possible to exterminate a major pest or disease after it has gained a 
foothold in a neAv habitat ; several examples are now on record which demon- 
strate the practical feasibility of such attempts. Eradication can be looked 
upon as the second line of defense against the permanent establishment of 
pests and diseases in areas formerly free from them. In Florida, both the 
Mediterranean fruit fly and the citrus canker have apparently been exter- 
minated. 

Eradication of Mediterranean fruit fly. — According to Quayle (1938, pp. 
237-240),’ “The Mediterranean fruit fly was discovered near Orlando, Flor- 
ida, on April 6, 1929. Steps were immediately undertaken for a campaign of 
eradication. On April 15 an emergency fund of $50,000 from the previous 
Florida legislature was released for immediate use. On April 17, the U. S. 


' Quoted by permission of the Comstoolc Publishing Company, Ithaca, New York. 
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Department of Agriculture made available $40,000, which was transferred 
from the pink hollworm appropriation. On May 2, a Federal appropriation 
of $4,250,000 was made for the campaign, and on June 7 the Florida legis- 
lature appropriated the sum of $500,000 for the same purpose. 

“In the meantime the campaign was planned and work was prosecuted 
vigorously. Wilmon Newell, Florida State Plant Board Commissioner, was 
placed in charge of the campaign for the U. S. Department of Agriculture 
and for the State of Florida. C. L. Marlatt was chief of the Plant Quarantine 
and Control Administration, the agency directly responsible for the United 
States Government. 

“The state was divided into, (a) Infested Zones, which included the area 
within one mile of any property in or on which infestation had been deter- 
mined; (b) Protective Zones, which included the area within nine miles of 
t he outside boundary of any infested zones. 

‘ ‘ There were departments of Inspection, Prevention of Spread, Spraying, 
Labor and Equipment, Publicity, Permits, et cetera, and a Research Section in 
charge of A. C. Baker, of the U. S. Bureau of Entomology, with divisions of 
Host Plants, Insecticides, Identifications, Traps, Baits, etc. 

‘ ‘ In 1929 a host-free period was maintained, which began on May 1 and 
continued to October 1. Prior to this period the regulations required the 
shipment, destruction or processing of all ripe or ripening citrus fruits grow- 
ing within the protective zones and prohibited the planting or growing of 
vegetables that would mature or I'each the stage of susceptibility during the 
host-free period. The only host fruits or vegetables permitted to grow or 
exist in the protective zones at any time were citrus fruits on the trees in 
such stage of immaturity as not to be susceptible to infestation, and host 
fruits and vegetables in storage or on retail sale for immediate consumption. 
Robbed of fruits in which to lay their eggs and miiltiply, any carry-over of 
the insect would have to be by means of adults originating before the host- 
free period was inaugurated . . . 

“To prevent against any carry-over of adults, poisoned bait sprays . . . 
were used throughout the infested area. . . . Small quantities were sprayed on 
the foliage of wild and cultivated plants at regular intervals. Some idea of 
the magnitude of the spraying program of 1929 may be gained from the 
following amounts of materials that were used. 

Sugar 2,218,387 pounds 

Lead arsenate 299,309 pounds 

Syrup (molasses) 375,301 gallons 

“Official forces sprayed as high as 110,000 acres a week, and roadside 
spraying amounted to the equivalent of one spraying along 18,554 miles of 
highway. To do this work of eradication the following machinery was used; 

Trucks 187 Trailers 19 

Tractors 92 Stubble shredders 30 

Sprayers 60 

In one month of the campaign there were 6,300 names on the labor payrolls. 
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‘ ‘ The area Avithin ■which infestations of the fly "were found was designated 
as the ‘Eradication Area’ and this embraced about 10,000.000 acres, or 
between 15,000 and 16,000 square miles. Within this area ■^’’as located 72 per 
cent of the bearing citrus trees of the state, or 120,000 acres of citrus and 
160,000 acres of other fruits and vegetables. 

“After August, 1929, a light infestation was found on November 16. This 
infestation was destroj^ed and the locality remained free. In December, 1929, 
the United States Congress appropriated $1,290,000 for the work of inspection 
and for crop movements. On January 11, 1930, all eradication Avork was 
discontinued on account of lack of funds. On June 7, 1930, the United States 
Congress appropriated $1,740,000 for continuation of inspection and cer- 
tification and $1,500,000 for emergency eradication work. The total expendi- 
ture from state funds to December 31, 1930. Avas $381,475.95 ; and the total 
expenditure to the same date of Federal funds Avas $6,858,636.95. 

“On March 4, 1930, another slight infestation Avas found near Orlando, 
AA'hieh Avas destroyed and there Avas no recurrence of the fly. On July 25, 1930, 
two pupae Avere found under a .sour orange tree in St. Angnstine and meas- 
ures Avere taken at once to destroy this focus of infestation. 

‘ ‘ On November 15, 1930, the Secretary of Agricnlture lifted all quarantine 
restrictions on Florida products on account of the Mediterranean fruit fly. 
which had been effecth^e since May 1, 1929. 

“No CAudence of the fly has been seen in Florida since the last record given 
above, on July 25, 1930. The known period of existence of the fly in Florida 
was thus 14 months. . . . 

‘ ‘ That is the storj', as briefly as it may be told, of the history of the most 
remarkable achiev’ement in the eradication of an insect. ’ ’ 

Eradication of citrus canker. — According to Khoads and DeBusk (1931, 
p. 40) : “Canker is the Avorst disease of citrus trees that has eA'er been intro- 
duced into the Gulf States and, had it become Avell established in Florida, it 
Avould undoubtedly have caused disastrous results to the citrus industry. 
Fortunately, the serious nature of this disease Avas early recognized and suffi- 
cient sentiment was created to undertake its complete eradication. BetAveen 
1914 and 1931 more than $2,500,000 of state, federal, and private funds were 
spent in combating citrus canker in Florida alone and the total cost of this 
disease to the state thus far has been at least $6,500,000. During this period 
257,745 grove trees and 3.093,110 nurseiy trees were destroyed incidental to 
the eradication of this disease, -which occurred in 515 properties scattered 
through 26 counties. Through the effective control campaign and systematic 
inspection of grove properties carried out by the State Plant Board, it 
appears that canker has been eradicated in Florida. As a result of this ener- 
getic campaign, there has been no commercial damage to Florida citrus groves 
by this disease since 1922, and no infections have been found since 1927. 
The apparently complete eradication of this dreaded disease from Florida, 
Alabama, and Mississippi is one of the most outstanding accomplishments in 
the history of plant disease control. Constant vigilance is necessary, however, 
to be sure that the disease does not obtain another foothold. ’ ’ 
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Since the foregoing "was written, no further infections of citrus canker in 
Florida have been found. Occasional infected dooryard trees have appeared 
in noncommercial areas of Louisiana and Texas, hut the Federal Bureau of 
Entomology and Plant Quarantine, in cooperation with the states concerned, 
is continuing the survej' and control work, and it is confidently expected that 
this will result in the ultimate eradication of this disease from the continental 
United States. 

These two demonstrations of the soundness of the principle of pest and 
disease eradication were epoch-making events in the development of plant 
protection. Their importance cannot he overestimated. Had not the Mediter- 
ranean fruit fly and citrus canker been eradicated from Florida, they un- 
doubtedly would have spread, with disastrous consequences, to many if not 
all parts of the United States where their hosts are grown. 

Several incipient outbreaks of the gipsy moth, pink bollworm of cotton, 
and the white fly of citrus have been eradicated. 

Vi'here eradication can he used. — The possibility of exterminating an intro- 
duced pest or disease if its presence is discovered before it becomes wide- 
spread greatly increases the practical importance of the plant-quarantine 
policy. Plant quarantines, regardless of how efficiently they may be enforced, 
may in time permit the introduction and temporary establishment of a pest 
or disease. Some avenues of entrance cannot be closed for economic reasons, 
and methods of entrance ixnreeognized by the quarantine authorities may 
exist, or mistakes may be made by inexperienced personnel. Even the most 
carefully drawn and efficiently administered quarantine may develop a leak 
through which a pest or disease may enter the protected area and become 
established. The occasional failure of quarantine to prevent the limited 
establishment of a pest or disease does not exchxde the possibility of prevent- 
ing permanent establishment, if discovery of the pest or disease is followed 
by a well-directed campaign aiming at eradication of the invader. 

In recent years the public has come to recognize the dangers of introduced 
pests and diseases and in general is inclined to support requests for authority 
and funds to be used for eradication purposes. Without question, there are 
manj' introduced pests and diseases against which it would be inadvisable 
to attempt an eradication campaign. Whether or not such a program should 
be undertaken can be determined only after a thorough analysis of the situa- 
tion in its economic, biological, and sociological aspects. When all three war- 
rant it, there should be no hesitation in attempting complete extermination 
of the pest (Felt, 1922). 

The most difficult aspect of such a problem is usually the biological. One 
of the first things that must be determined is the extent of the distribution 
of the ])est or disease. The feasibility of eradication will usually depend 
materially upon the size of the area infested or infected. To undertake eradi- 
cation without preliminary scouting to determine the limits of distribution 
would be foolhardy. The type of insect or disease, its disseminative powers, 
whether it is subterranean or aerial, the part of the host plant it attacks, 
how it may be transported by human agency, its seasonal history, its host 
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list, how it reacts toward different hosts and different climatic conditions, and 
many other points must be studied and their relation to the possibility of 
eradication determined. The essential thing is to search for vulnerable points 
at which the pest or disease can be attacked. In insects that attack only the 
fruit, such as the Mediterranean fmit the theoretical requirements for 
eradication would be simple. The maintenance of a host-free period each 
year, long enough to prevent the issuing adults from laying their eggs, would 
fulfill the theoretical requirements. The citrus white fly attacks only the 
leaves of its hosts, and there is a period in winter when all the flies are in the 
immature stages on the leaves of evergreen hosts. Theoretically, defoliation of 
all host plants at this time would result in eradication (Mackie, 1931 ) . Other 
insects, such as the European corn borer, which not only has many cultivated 
hosts, but breeds also in the stems of many species of weeds, would be ex- 
tremely difScult to eradicate. 

It is necessary to know an insect’s life history in order to make an eradi- 
cation campaign successful. Take, for example, the walnut husk fly, Ehago- 
letis completa Cress. The adult flies emerge from the ground in June and 
July and deposit their eggs in the green husks. The larvae mature, leave the 
nuts, and drop to the ground, where they pass the winter as puparia. A 
•superficial knowledge of the life history of this insect would lead one to 
believe that all that is theoretically necessary for eradication is to remove 
all the nuts from the trees for one season, so that the adult flies would find 
none in which to deposit their eggs. Detailed studies of the Iiabits of this 
insect, however, have revealed the fact that, from any one generation going 
into the soil, some individuals emerge the following spring, others the second 
year, still others the third, and some do not emerge until the fourth season 
after they have entered the ground ! Instead of removing the nuts for one 
year, it would be necessary to remove them for four consecutive years in order 
to fulfill the theoretical requirements for eradication. Thus it will be seen 
that the specific habits of the pest have a very direct relation to the feasibility 
of eradication, and they must be understood in detail before action is 
attempted. 

The availability of funds for defraying the cost of such pro.iects is a first 
essential; but even with ample funds the work can hardly succeed unless 
there is a large enough body of public opinion favorable to it and willing to 
undergo certain inconveniences in order to make the campaign a success. 
Demonstration of the feasibility of eradicating major plant pests and dis- 
eases is the greatest contribution to economic entomology and plant pathoU 
ogj' of the last quarter century. 

PLANT QUARANTINE AS AN AGRICULTURAL POLICY 

A large item in the cost of production of the citrus crop is the expense of 
controlling pests and diseases. Many producing areas are, however, still 
free from some of the most important of these, and the desirability of keep- 
ing them out is scarcely a debatable topic. Their introduction and successful 
establishment would add still further to the cost of production and in some 
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places ■would perhaps even prevent the profitable continuation of the citrus 
industry. 

Plant quarantines themselves, however, also have important economic and 
political consequences. In order to make quarantines effective it is necessary 
to place restrictions on the transportation of commodities; but restrictions 
of that kind are a source of expense, inconvenience, and ill-will, and some- 
times result in serious curtailment or even in complete loss of markets for 
the products affected. The development of agriculture and horticulture in 
new countries and their improvement in old areas has resulted largely from 
the exchange of plant material between countries for the introduction of 
new varieties. If commercial traflSe in fmit, cereal products, vegetables, and 
many other plant products is considered, it is easy to see that the barring 
from a country or a state of plant materials which constitute the principal 
carriers of pests and diseases cannot he effected without introducing many 
serious economic complications. The exchange of propagating materials and 
the world’s commerce in agricultural products necessarily involve the possi- 
bility of introducing pests and diseases into clean areas. This problem, then, 
is one of determining how far it is possible to reduce the risk without placing 
ruinous restrictions on trade between localities. 

In economic importance, plant pests and diseases vary all the way from 
mere nuisances to veritable plagues the control of which is vital to the indus- 
try affected. It would be economically ruinous to put into operation so com- 
prehensive a quarantine program as would be necessary to protect a large 
area against the introduction of all pests and diseases ; it would he equivalent 
to depriving the people of practically all exchange, with outside areas, of 
food and other plant products and thus would bring about a condition more 
intolerable than that occasioned by the pests and diseases. The question, then, 
is entirely one of jxidging which pests and diseases are to be excluded. The 
general policy has been to apply specific quarantines only to those pe.sts and 
diseases which have already demonstrated their capability of causing serious 
damage, although it has been borne in mind that insects and diseases of no 
apparent significance may react in an entirely different way in a new envi- 
ronment — a risk that must be assumed, unless the political unit promulgating 
the quarantine is willing to submit to economic isolation so far as plant 
products are concerned. 

A state or country must not adopt a standard for its quarantine policy 
which it is unwilling to have other states or countries apply to its own prod- 
ucts. Ill-founded, unfair quarantines, and quarantines against minor pests 
or diseases, are likely to result in retaliation of some sort against the products 
of the political unit maintaining the quarantine. Most producing areas have 
several pests and diseases peculiar to themselves. If they insist on excluding 
or restricting the entry of products of another area because those products 
carry minor pests, they must expect to have the same rule applied to them 
and to find their own markets restricted for similar reasons. It is easy to see 
that such a policy could result in economic isolation and thus defeat one 
of the primary purposes of plant quarantine, which is to enable the grower 
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to produce and to market his product at a profit. Persons entrusted with the 
quarantine authority ha^ve a double responsibility ; first, to prevent the intro- 
duction and establishment of dangerous pests and diseases; and second, to 
keep the markets open for the products of the commonwealth which they 
represent. It has been well said that plant quarantine is a two-edged sword, 
and this must never be overlooked. 

To administer quarantines for the best interests of a state as a whole 
requires not only good judgment, but also a great deal of courage. Producers 
of a certain crop maj’^ in good faith demand extreme quarantines to protect 
them from some minor danger ; but the quarantines may result in retaliation, 
not against their own product but against the product of some other group, 
and so the requests must be denied even though the quarantine officer may 
be accused of neglecting the interests of the first group. For this reason, 
quarantine officers should he supported by a board or commission represent- 
ing all the major agricultural products. 

Not only is it essential that specific plant quarantines be restricted to major 
pests and diseases in the interests of commerce, but it is particularly impor- 
tant that there be no adoption of quarantine measures for the accomplishment 
of ulterior purposes such as the exclusion of a product from a market in 
order to gain a trade advantage. This is one of the commonty heard criticisms 
of quarantine, and there is no doubt that on occasion it has been justified. A 
quarantine honestly enacted and conscientiously administered may, of course, 
incidentally result in the protection of certain commodities from outside 
competition and thus may seem to give support to adverse criticism. Intense 
pressure is often applied to quarantine officials for quarantines that will 
protect commodities from outside competition. There is no more certain way 
to break down the entire quarantine sj'^stem than to use it as a pretext to 
cover up an ulterior motive; the practice is sure to result in retaliatory 
measures, with disastrous economic effects. In the United States the courts 
have held that such quarantines between the individual states are unconsti- 
tutional, on the ground that they are not a proper exercise of the police powers 
granted the states by the Constitution, but are actualty attempts to regulate 
interstate commerce (Strong, 1926). 

The use of the police poAver for preventing the establishment of pests and 
diseases carries Avith it the obligation to rescind quarantines Avhen they no 
longer serve the purpose for which they were enacted. It is incumbent upon 
the quarantine officer to observe closely, at all times, the biological and eco- 
nomic conditions gOA'erning a quarantine, since these often change rapidly, 
sometimes in such a way as to render no longer justifiable a quarantine which 
was quite sound AA’hen first set up. The decision to maintain or to rescind a 
plant quarantine should be based solely on its efficacy in protecting valuable 
property from injury through the establishment of pests and diseases. This 
is a fundamental principle of plant quarantine, and if a state or country does 
not recognize this obligation, it cannot expect and rightfully demand fair 
treatment in this regard from other states and countries Avhen conditions are 
reA'ersed (National Plant Board, 1932). 
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As knowledge increases, protection against the introduction of pests and 
diseases can be achieved with less and less disturbance of trade. A great deal 
of research must necessarily be brought to bear on questions fundamental 
to the problem. More knowdedge and less guesswork is needed about the fac- 
tors which limit the geographic distribution, abundance, and virulence of 
plant-destroying organisms. There is no doubt that some quarantines are 
being maintained unnecessarily, to protect areas against pests or diseases 



Fig. 263. Vacuum fumigator, Vcntur.a County Agricultural Deirartment. By developing 
methods of disinfesting citrus nursery stock the State of California has done much to 
eliminate plant quarantine barriers. (Courtesy California State Department of Agriculture.) 

which could not possibly thrive in them. Greater knowledge would free trade 
from some of these restrictions. There is also a fertile field for research in 
the development of methods of treatment of plant products which will free 
them from live infestation and infection, so that they may be transported 
without risk into clean areas. Many restrictions, particularly on food prod- 
ucts, which form the major part of commerce in agricultural commodities, 
could thus be eliminated. 

Finally, the spirit of fair play in plant quarantine needs to be extended. 
The use of plant quarantines is no longer limited to a few states or countries. 
They have been adopted throughout the world, and interest in the subject 
is increasingly evident. Commerce in agricultural commodities cannot exist 



S29 


Quarantine and Quarantine Service 

without incurring some risk of pest and disease introduction. A state which 
ranks high in agricultural production, and for that reason has great need of 
protection against the introduction of pests, has by the same token a great 
need of agricultural markets for its products. Whatever standard of plant 
quarantine a state or country adopts against the products of other areas, it 
must expect, and be willing, that the same standard shall be applied to its 
own products. Quarantines designed to eliminate only slight risks may result 
in serious curtailment of its omi markets. Quarantine officers in general have 
a full appreciation of this danger, but it is not always so evident among 
producers and shippers. 
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Chapteb XVI 


INJURY BY RODENTS AND ITS CONTROL 

BY 

TRACY I. STORER 

T he rodents* are mammals of small size that feed mainly on plant mate- 
I’ials. They possess, in the forepart of the jaws, two pairs of sharp, chisel- 
like incisor teeth which they use for gnawing. The principal rodents 
harmful to the citrus industry are : the pocket gophers {Thomomys, Geomys), 
which maj^ girdle the trunks of the trees below the surface of the ground, 
and also the roots ; the jack rabbits (Lepus), which, in Texas and California, 
sometimes eat the bark of tree trunks; the cotton rats (Sigmod-on) , which, 
in Texas, may girdle trees ; and the meadow mice or voles (Microtus), which, 
in California, eat the bark, especially on trees adjacent to piles of prnnings 
or in the midst of cover crops that afford natural harbor for the mice. In 
earlier years, the California ground squirrel {Citcllus heecheyi) occasionally 
damaged irrigation canals by burrowing in the canal banks that were con- 
structed- of earth, but its numbers are now much reduced. Burrows of pocket 
gophers may also divert water, weaken the banks of smaller ditches, and con- 
tribute to erosion. The alien Nox*way and roof rats {Battus) in and around 
packing houses nibble at stored citrus fruits, to obtain the seeds, and track 
mold spores about. 

In Florida, the pocket gopher (Geomys) is known locally as ‘ ‘ ground squir- 
rel” or “salamander,” whereas some ground squirrels (CHellus) of the 
Middle "West are called gophers! The land tortoise {Testudo polyphemus) of 
Florida, often called “gopher,” is a land reptile that makes large burrows. 
In citrus groves these holes are a nuisance and a hazard in which farm 
machinery maj'^ lodge or work animals be injured, and they may contribute 
to the death of young trees if dug beneath them. Bodents may do serious 
damage to citrus ; prevention of damage, even at considerable cost, is there- 
fore important for satisfactory and economical production. 

POCKET GOPHER 

The pocket gopher (figs. 264-266) is a small, stout-bodied, short-legged 
rodent having at either side of its mouth an external fur-lined cheek pouch 
or pocket for carrying food and nest materials (but not earth). The small 
eyes and ears are on the top of the head. The back and sides of the body are 
covered with short brownish hair, and the tail is short and scantily haired. 

Burrows. — The animal lives habitually in rounded subterranean tunnels 
constructed by itself ; it seldom comes out on the surface, and never climbs. 
The tunnels are commonly about two inches in diameter, more or less parallel 

‘ Some information for this chapter was obtained in letters from the following 
persons: in California, H. J. Webber, R. H. Gray, H. J. Ryan, H. J. Ramsey, Ethelbert 
Johnson; in Texas, W. H. Friend; in Florida, J. R. Watson. See also Storer (1947, 
1948). 
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Fig. 264. Pocket gopher (Thomomys) . Distinctive features are the blunt head, prominent 
incisor teeth, fur-lined cheek pouches, slender claws on the forefeet, and scantily haired 
tail. Head-and-body 6 to 8 inches long, tail 2% to 4 inches. 





out upon the ground surface; mouth of lateral open during e.\cavation. Compare figure 266. 


to the ground surface, and usually at depths of six to fourteen inches. The 
burroAvs are deeper in soft or frequently tilled soils than in harder and undis- 
turbed ones. Soil loosened by a burrowing gopher is usually pushed out onto 
the surface through short laterals made at frequent intervals along the 
main tunnels (but sometimes is packed in abandoned tunnels). There results 
a series of surface mounds which, by their position, often give a clue to the 
location of main tunnels. Successive loads are pushed out of a lateral so as to 
form a mound, commonly of crescentic outline; when the lateral is subse- 
quently closed, a central deprcs-sion in the mound usually indicates the loca- 



833 


Injury by Rodents and Its Control 

tion of the mouth of the lateral tunuel. Besides the laterals used for pushing: 
out earth, the gojjlier often makes short and nearly vertical laterals tvhen it 
comes up to feed on surface vegetation. These are often closed with earth that 
does not rise above the adjacent ground surface. 

The earth in fresh mounds is often darker than that of the surrounding 
surface because of its greater moisture content. Grasses or herbs covered by 
a mound become blanched by loss of chlorophyll in a few days, giting a clue 
to the age of the mound. Trapping is most productive in fresh mounds. 

Gophei*s may dig deeper tunnels near their nests, and may also make 
“sumps” to drain the tunnels. Each ne.st chamber is about eight inebes in 



Fig. 266. Pocket gopher at mouth of a lateral tunnel, auil loads of e.arth 
pushed out at various angles, producing a crescent-shaped mound with 
tunnel mouth eeiitered in the crescent. Comjiare ligure 26.'>. 


diameter and is filled with shredded grass and other plant fibers. Stores of 
food, chiefly of roots, are often found with the nests, or in separate, enlarged 
portions of the system. The belotv-grotind system made by one pocket gopher 
may be many yards in length. Adjacent systems may be joined, but usually 
any connections are plugged olf with earth. Ordinarily, each main system is 
inhabited by a single gopher, save when a female is rearing young. A system 
once cleared of its tenant gopher may, hotvever, later be occupied by another, 
or may be used by a mouse or mole. Surface activity is less on dry areas during 
the heat of summer, when new mounds may be entirely lacking. Any dirt 
then moved by gophers is packed into existing tunnels. Little surface work 
is seen during and immediately after a heavy rain or irrigation while the 
soil is soggy, but soon thereafter activity may become noticeable. Few or no 
mounds are formed when the soil is hard and dry. 

Breeding . — The rate of reproduction is low, usually one annual brood of 
five to six gophers on wild or uncultivated lands. The young are produced in 
the spring after rains have stimulated a new- crop of green forage. There 
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are more broods on irrigated areas, especially in alfalfa fields, where breed- 
ing is almost continuous. In citrus groves where clean cultivation is prac- 
ticed, forage for gophers is reduced in amount and probably lessens their rate 
of reproduction, whereas the growing of cover crops may encourage gophers 
and field mice. 

The young gophers remain in the parental nest and tunnels for several 
weeks after birth, but eventually leave for an independent existence. Often 
they wander overland for some distance to start tunnels in new places ; areas 
previously free from gophers may thus become infested. In citrus districts of 
southern California the smung may be ready to disperse before April 1, and 
in the more northern areas by May 1. Adults also may occasionally move 
overland. 

Damage . — Gophers feed on the roots, hark, and stems of plants and on 
some bulbs. They injure citrus trees by cutting small roots encountered in 
tunneling, and by gnawing off patches of bark on small or large roots and 
on the trunk itself below the surface of the ground. 

Earth accidentally thrown against a trunk in the course of cultivation 
may encourage a gopher to work on the trunk. Damage of any sort may be 
sevei-e before it is discovered. The injury is proportional to the amount of 
bark removed. If a trunk is completely girdled, the tree will soon die unless 
it is treated promptly and properly by inarching into the healthy trunk, just 
above the injury, seedlings planted around the base of the trunk, or by 
bridge-grafting twigs into healthy roots and trunk. (See chapter i for 
methods of inarching and grafting.) Even with any of these treatments the 
tree may fail to survive or to recover properly. Prevention of damage is, 
therefore, much more important. 

In an early experiment with fertilizers at the Citrus Experiment Station 
at Riverside, a large planting, all on sweet stock roots, was made of alternate 
rows of navels and Valencias, every sixth cross row being of grapefruit. 
Gopher damage, then not fully appreciated, became extensive, but more of 
the navels were killed than of the other trees, sometimes all five in a plot row. 
Seemingly, the navel tops made the roots more attractive to gophers. 

In Los Angeles County, it is estimated that an average of at least one tree 
in 50 acres is killed annually by pocket gophers ; and since there are more 
than 50,000 trees valued at $25 each, the loss must total at least $25,000 yearly, 
to which should be added the losses of irrigation water and costs of control.’ 

Gopher burrows beneath or close to newly planted young trees will occa- 
sionally cause their death by diying out the soil. In any irrigated orchard the 
burrows divert or cause loss of water, sometimes contribute to breaks in ditch 
banks, and on slopes may contribute to erosion. 

Control. — Fortunately, the control and elimination of pocket gophers is 
mainly a matter of effort and perseverance. No other common rodent is easier 
to control. Gophers may he greatly reduced in numbers, even on large areas ; 
after which, a reasonably careful patrol, especially of the boundaries, will 
permit quick and successful removal of new invaders. As an example, one 


' H. J. Ryan, letter, June 25, 1942. 
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large citrus ranch in southern California was practically cleared of gophers ; 
then any new mound seen was reported immediately, by row and number of 
the nearest tree, and a trap set promptly. Xo opportunity was alforded for 
gophers to make a new start. 

Trapping . — Trapping is especially well adapted to the work necessary 
in citrus orchards, and has the merit of showing when a particular gopher 
has been captured. Almost every large citrus ranch in California employs 
one or more men whose principal duty is to trap gophers. Discovery of even 
one mound within a grove or at its borders should be the signal to set a trap. 
Trapping is easiest and mo.st effective in early autumn when the ground is 



Fig. 267. Left. Maealjee gopher trap. Center. Pocket goijlier ti’ap modified for capture of 
ground squirrels, kiyht. California pocket goi)lier trap. 

moist, when gophers are quite active, and before breeding has begun; it is 
least effective in the dry midsummer period. The small size of the burrow, and 
the fact that gophers often move earth to fill an opened tunnel, preclude the 
use of rat or steel traps. Many special traps for pocket gophers have been 
marketed, but major choice has narrotved to two : (1) the ilacabee, and cer- 
tain adaptations of that type ; and (2) the California box trap made of wood 
and having one or two choker loops (fig. 267). None has surpassed in effec- 
tiveness the original Macabee, an all-wire trap with two pointed jaws which 
are set apart on the tunnel floor. As the gopher comes along pushing its load 
of earth, the load touches an upright trigger pan set across the axis of the 
tunnel; this releases the jaw mechanism, which springs together and grips 
the gopher firmly and fatally. The box trap is .set at the enti’aiice to an opened 
tunnel, and the trigger is either baited with a prune or piefie of carrot or left 
on the chance that the gopher will push against it. Explosive traps (“gopher 
guns”) have been tried, but none has been permanently adopted, and some 
hazard attends their use. 

The best “set” for the Macabee trap is in a main tunnel rather than a 
lateral. This requires two traps per setting, one in each direction, but results 
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are more certain and the catch, per trap per day, higher than when one trap 
is set in a lateral. The operator selects a fresh mound, notes the probable 
direction of the lateral by the position of the dirt-plugged hole, and probes 
with a slender rod or the long handle of a large iron spoon. The earth in the 
lateral is often loose and a probe can be pushed in easilj^ to find the location 
of the main tunnel. Then by use of a shovel a hole is dug to expose the main 
tunnel in both directions, and any loose earth in the tunnel is removed. A trap 
is set well into eaeh opening, and jires-sed down firmly so it will not slide 
when a gopher presses against the trigger pan. One end of a three-foot length 
of soft iron wire (No. 22 or 24) or stout cord is tied to the rear of each trap, 
and the other end is fastened to a stake driven near the set. The stake, prefer- 
ably painted, should be tall enough to be found again easily. Many trappers 
close the burrow entrance with a clod of earth or tuft of grass so that ])rac- 
tically all light is excluded. Traps should be examined at least once daily, 
preferably oftener, and reset if found sprung without a victim. After the 
gopher is trapped, the tops of near-by mounds should be leveled olf, so that 
any subsequent burrowing in the vicinity will be seen at a glance. 

One man using two traps per set can tend about fifteen traps an hour or 
seventy -five a da.y. On l)adly infested lands his catch may be as great as thirty- 
five or forty gophers a day. AA citrus ranch, however, should allow gophers 
to multiply until large catches are po.ssibIe. 

Poisoning . — Control by ])oison serves well as a preliminary means of 
clearing heavily infested areas. Root vegetables cut and dusted with strych- 
nine, or prunes in each of which crystals of strychnine have been inserted, are 
used. Poisoning should not be entrusted to irresponsible laborers. Containers 
used for mixing, and stocks of strychnine, should be plainly labeled Poison 
and locked up, out of the reach of domestic animals and of children. Nothing 
in the external appearance of prepai-ed baits for pocket gophers will indicate 
that they are poi.soned. 

Formula 1 : Cut baits (carrots or sweet potatoes), 4 quarts; strychnine (powdered, 
either alkaloid or sulphate), % ounce. Cut the vegetables into pieces about % X 
X 1% Inches, dust on the dry strychnine (taking care not to inhale the dust) , turning 
the baits repeatedly until all are evenly coated. Put into covered bucket and use at 
once. Label bucket and sifter: Poison. 

Formula 2: Use dried prunes previously soaked 2 hours In water. With a slender 
knifepoint insert a few crystals of strychnine Into each prune. 

Baits so ]irepared arc placed in the main tunnel of the pocket gopher by 
use of a s])ecial probe. This tool (fig. 268) is about 45 inches long. To a piece 
of i/4-ineh iron pipe 33 inches long, a bluntly conical tip of solid metal is 
welded, at one end, and a 12-inch length of %-inch steel rod at the opposite 
end. The free end of the rod is forged to a carrot-shajicd tip, inch in great- 
est diameter. For loose or sandy soil the tip should be slightly larger, and for 
hard soil the rod tip should be merely tapered to a point. A side arm, 6 inches 
long, with collar and set screw, is clamped to the pipe shaft at a height suit- 
able for applying downward pressure with either the hand or the foot. 



837 


Injury hy Rodenfs and Its Control 

The slender end of the probe is forced into the ground botu'cen a. series of 
surface mounds. When it is pushed down, by pressure on the side arm, a 
aniform resistance will he met except when the probe enters a gopher bur- 
row ; then it will drop suddenly for about two inches. The tool is then reversed, 
and the hole reamed slightly so that poisoned baits can be dropped into the 
burrow. Two baits should be placed in each opening, and two sites in each 
tunnel system should be poisoned. After the baits are inserted, the operator 
closes each opening with his heel. The adjacent mounds should be trampled • 
down or leveled olf. Any new mounds will then indicate fresh activity. 

Flooding. — Whenever citrus orchards are irrigated. ]iocket gophers present 
therein may be forced out by the water. If seen by the irrigator, they may 
readily be killed. A dog may helji where gophers are numerous. 



^’ig. 268. Probes for lociitiiig mniii tunnels of pocket gophers and inserting poisoned baits. 

Upper, of steel rod with wooden handle; lower, of pipe with points forged into place. 

Gas. — ^“Gopher bombs” that produce a poisonous gas have been marketed 
at times, but are not very successful. Hydrocyanic acid gas and carbon disul- 
]ihide have been injected into gopher burrotvs, but the extended system of 
tunnels, their proximity to the surface of the ground, and the porous char- 
acter of the soil in many plugs may render the use of gas unsuccessful. Fur- 
thermore, carbon disulphide may injure or kill a young tree if used near the 
roots. 

Natural enemies.— The barn owl (.Tyto alba) captures gophers at nightfall 
as they come to the surface in their digging and feeding operations. The 
gopher or bull snake (Pituophis) juirsues the gopher in its own burrow. Both 
of these predators are beneficial in any citrus orchard and merit the fullest 
protection from the owner. 

HOUSE BATS 

Two alien rodents now' common in many civilised countries and harmful 
to man in various w'ays are the Norway rat {Rattus norvegieus) and the roof 
rat {Rattus rattus alexandrinus) . 

The larger Noiwvay rat (fig. 269) lives chiefly at ground level and in the 
basement or first stor.y of buildings. It also thrives out of doors, finding 
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Fig. 269. The alien rats. Above, Norway rat; below, roof rat. The Norway rat has a hlunt 
nose, smaller and slighlty haired ears, and tail nsually shorter than head-and-body; it may 
weight as much as 1% pounds. 

shelter under piles of lumber and trash, garbage heaps, and similar places. 
It will dig and occupy burrows in the ground. Since it averages eight young 
per brood and may have several broods per year, it can multiply rapidly in 
a new site and can soon replace losses in its numbers. The smaller roof rat 
also lives both indoors and outside ; it climbs readily in buildings and on poles, 
conduits, electric wires, and similar structures. It multiplies a little less 
rapidly than the Norway rat and may be driven out by the latter ’s aggres- 
sions ; yet it is common in many places. 
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Damage . — Both of these species of rats eat many kinds of foods, are clever 
at entering small holes or crevices, and make nse of all sorts of shelter. They 
have not been reported as having injured citrus trees or fniits in orchards, 
but they do much damage in buildings by gnawing boxes or sacks and by 
feeding on eere.als or other materials. 

In citrus packing houses and storage sheds, rats are a nuisance because they 
damage oranges and especially lemons. They occasionally bite into sound 
fruits, and commonly seek boxes or piles containing rotten fruits, in order to 
feed on the seeds. Although the direct injury they do to marketable citrus is 
negligible, the rats in running about spread the spores of brown rot and other 
fruit-rot fungi (see chapter xi ; also Fawcett, 1936, pp. 387-465) by smearing 
infected pulp on healthy lemons in storage. Losses from rotting are thereby 
increased in packing houses, and possibly in shipments as well. 

Control . — ^The principal methods of rat control are exclusion, trapping, 
poisoning, and gassing. Special bacterial cultures (“rat viruses”) applied 
on food baits to spread disease among rat ]iopulations have been employed in 
Europe, but their use in the United States is not recommended, and is pro- 
hibited in some states. Their effectiveness is doubted. “Carrier” rats often 
survive, and — ^which is more important — the bacteria used are similar to or 
the same as those producing disease or food poisoning in man. Reliance is 
therefore placed in other methods. Exclusion is the only proper means for 
solving the rat problem, since all others afford only temporary relief. Build- 
ings miist be so constructed and kept in repair that the rodents cannot enter. 
To exclude house mice and .young rats, all openings in ventilators or around 
entering pipes and conduits, and all spaces between doors and floors, must 
be reduced until they measxire lass than Ihree-eighths of an inch. Some means 
for effecting such ratproofing are shown in figure 270. Open ventilators and 
those with wide-spaced grilles can be covered with hardware cloth of V&-inch 
or Vi-iueh mesh, securely attached on all sides. Spaces around pipes may be 
filled with concrete or covered by shields of sheet tin or iron. Flj’’ screens on 
windows and doors give adequate protection if fitted closely and Icept undam- 
aged. Outside doors must fit closely over the floor or doorsills and must be 
kept closed when not in use, or mice and rats may enter buildings otherwise 
well proofed against them. Double walls and cork-lined refrigerator walls 
often harbor these rodents and must be inspected carefully at frequent inter- 
vals. Concrete floors with foundation walla extending 24 inches into the 
ground, and margined with an outward projecting base 12 inches wide, usu- 
ally discourage rats from burrowing beneath. Corrugated sheet-metal walla 
and roofs are effective in excluding I’ats if the small spaces left at the ends 
of the corrugations are closed off. Trash, garbage, and primings should be 
burned promptly, and lumber or empty boxes should be neatlv piled and ele- 
vated a foot or more above the ground to reduce their attractiveness as shelter 
for rats. 

Trapping eliminates small numbers of rats. The wood-based snap traps are 
best. They should be set along walls or beside other objects where tracks and 
droppings indicate the presence of the rodents. Raw meat or fish, rolled oats. 
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and bread or crumbs are common effective baits ; only experiment will show 
which is best in any particular place. Traps should be examined and baits 
renewed daily; trapped rats should be removed as soon as pos.sible. For 
“wise” rats it is sometimes desirable to bait an unset trap for several days 
to accustom the animal to feeding there before setting the trap. 

Gassing and poisoning may leave dead rats to decay and produce bad odors 
in a building. A tight room or warehou.se may be fumigated with cyanide or 
methyl hromide by operators competent in the application of such gases. 

Some success has been achieved by dusting sodium fluosilicate along the 



large-mojsli grill in ventilator; F, liolc in wall around conduit; JJ, free passage from below 
floor into walls. Corrective ; 1), space around entrance of pipe filled with concrete; E, venti- 
lator covered with hardware clotli of %-ineli or %-inch mesh ; G, close-fitting metal flashing 
around entrance of conduit or pi])e; I, stop of wood at floor level; J, header block between 
joists to close sx>nec between sill and floor; K, sheet-metal “header”; space between studs 
filled with brick, L, or concrete, M. At right, the usual “western” construction of a jjlate over 
the floor; rodents cannot piass from basement to spaces between studs and walls. 

jdaces where rats run. The dust is irritating to the feet and bellies of the 
rats, the animals lick it off, and poisoning results. Care must be taken not to 
contaminate with this poisonous dust any human food products or any feed 
intended for domestic animals. 

In rat control, red squill is the safest poisoned bait for use by the general 
public, although it is not always fully effective. It is safe because other ani- 
mals than rats either will not eat baits containing it, or are caused to vomit if 
they do. The formula for a bait containing this poison is as follows : red squill, 
powdered, dry, 1 part by weight ; rolled oats, corn meal, peanut meal, ground 
meat, or minced fish (any of these separately), 9 parts by weight. With either 
dry or moist materials, the poi.son is sifted over the bait and stirred until an 
even mixture results. The poisoned bait is placed near rat runs or other 
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places shoTving rat activity, one tcaspoonfiil of the mixture at each site. Squill 
baits also may be wrapped in 4-inch squares of soft paper to form ' ‘ torpedoes ’ ’ 
that are easy to distribute. At least 20 baits should be put down in one small 
building, and more in a larger structure. Baits are best put down in the late 
afternoon, and any that are uneaten should be removed on the second or third 
day following. Dead rats and uneaten baits sliould be completely incinerated 
or buried at least twenty-four inches deep in soil. 

Zinc phosphide may be ttsed with prospect of greater success in rat control, 
lint this poison is more dangerous to handle and reciuircs an operator with 
experience in its use. A suitable formula is as follows; zinc phosphide. 1 part 
by weight ; bait. 100 pans : corn or mineral oil, 16 to 24 finid ounces per 100 
pounds of bait. The bait material should he placed in a large pan. the zinc 
phosphide added a little at a time, and the mixture stirred until the blackish 
chemical is evenly distributed. Then the oil should be warmed, poured over 
the bait, and the latter stirred again to obtain a uniform product. Large 
batches of bait may be jireparcd in a metal drum provided with baffles and 
turned by hatid or power equi])ment. Prepared bait, if stored dry. will keep 
its effectiveness for .some weeks. 

In weighing and mixing this poison the operator should work out of doors 
or in a well-ventilated room, to avoid fnmes from the ]>oison: and when 
distributing the baits he should wear gloves or use a long-handled spoon. 

Whenever rats become abundant about any citrus establishment, the man- 
agement should hire a technically trained pe.st-control operaloi’. or else con- 
•sult a farm advisor or other agricultural agency for information about 
means of rat control. 


MEADOW MICE 


The term “field mice” is applied to various kinds of mice that live among 
grasses and weeds. Of these, the meadow mice or voles (genus Microiux) are 
im]iortant to eitriculture in parts of California. Meadow mice (fig. 271) are 
larger than common house mice, but .smaller than I’ats. 

Most species of meadow mice shear off or wear down th(' grass and other 
surface vegetation to form irregular systems of little pathways about one 
inch wide and two inches high; these connect with hole.s and tunnels which 
the mice make in the soil. AVhen the grass cover is tall or dense the workings 
may be hidden entirely, and to search for them beneath such cover one must 
part the gi-ass to])s. The numbers of mice present may be inferred from the 
amounts of droppings and grass cuttings in the runways. 

Breeding . — ^In eayffivitj-, one pair of meadow mice in a year has ymodueed 
more than eighty young; these soon matured, and some bred when scarcely 
a month old. Under favorable natural conditions of food and cover these 
mice may increase quite rapidly. They sometimes reach “plague” numbers 
and will then .strip the ground of vegetation. 

Damage . — Meadow mice injure citrus trees by eating the bark and some- 
times the wood at the ba.se of the trunk and up to six or eight inches above 
the ground (fig. 272). Low. spreading branches may be cut ; but mice seem 
not to climb them. Attacks below the soil surface are uncommon. Badly 
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girdled trees may die. Groves lacking mouse shelter are sometimes damaged, 
but more trouble results when shelter and nesting places for the mice are 
afforded by mulches of straw or “litter” manure around the tree bases or by 
accumulations of prunings and leaves under the trees. Cover crops in or- 
chards also encourage mice. When trees are adjacent to canyons with native 
tliickets of brush and grass, or ditches lined with grass and weeds, the mice 
may invade and injure the trees after this plant cover surrounding or adja- 
cent to orchards has dried. If mulch basins are used, the mulch should be kept 



Fig. 271. Tlio mciidow mouse {Microtns) . Distinctive features are the blunt nose, smull 
uHvs, jiiitl dcMise soft fur of blackish brown or grayish brown color. Head>and-body 4 to 6 
inches Jong, tail 1% to 2% inches, 

from direct contact with the tree trunks and frequent inspections should be 
made for the presence of mice. 

. Control . — Clean cultivation of orchards and removal of cover on adjacent 
wild lands will lessen the chances of damage bj’^ meadow mice. There is also 
the practice of painting the trunks of citrus trees as high as twelve inches 
above the ground surface with a repellant not injurious to the bark, such as 
tree seal, carbolineum, or lime sulfur. 

Control of meadow mice with zinc phosphide has been successful. The 
bait is made up of; zinc phosphide, 7 to 10 ounees; steam-crushed barley, 
whole oats, or oat groats, 100 pounds ; mineral oil, white, 10 fluid ounces. This 
material is prepared in the same manner as rat poison. The poisoned bait is 
scattered in runways or where cuttings or mouse droppings indicate the pres- 
ence of the rodents. The “government formula” for strychnine-poisoned 
grain for ground squirrels has been used against meadow mice with some 
success. 
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GROUND SQUIRRELS 

The California ground squirrel {Citellus heecheyi) was formerly abundant 
in the southern citrus districts of California, but its numbers have been much 
reduced by intensive and persistent control. When its large burrows are dug 
in the banks of irrigation canals, they contribute to breaks and diversion of 
water. Burrows beneath the bases of trees may expose the roots to drying. 
Ground squirrels climb readily and cut olf ripening fruits. 

In earlier years, strychnine-coated whole barley was used extensively for 
control of ground squirrels. The “government formula” for this poison is 
as follows: barley, whole, cleaned, 16 quarts; strychnine (alkaloid, pow- 
dered), 1 ounce ; bicarbonate of soda (baking soda), 1 ounce ; saccharin, 1/10 
ounce; thin starch paste, % pint; heavy corn syrup, ^/4 pint; glycerin, 1 
tablespoonful. Mix the strychnine, baking .soda, and saccharin together, dry ; 
lirepare starch paste with one heaping tablespoonful of dry gloss starch 
worked into a little cold water ; then pour the paste into % ijint of hot water, 
stir, and boil until clear ; add drj"^ ingredients, then syrup and glycerin, and 
mix thoroughly; pour the hot mixture over the grain, and turn the grain 
until the kernels are evenly coated ; spread out in a thin layer and leave until 
dry ; then store in can or sack plainly labeled Poison. 

Use of oat groats as bait with zinc phosphide and mineral oil (or petrola- 
tum), prepared like the bait recommended above for meadow mice, has been 
successful for ground squirrel control at all seasons. Fruits poisoned with 
strychnine are sometimes effective. Thallium-poisoned grains and fruits have 
been used in recent years, but in California this poison may legally be em- 
ployed only by official agencies. Gassing of squirrel burrows with carbon 
disulphide or melhyl bromide by means of a special pump or applicator is a 
common practice against ground squirrels, but these gases may injure trees 
if the burrows extend under the roots. 

Traiiping will dispose of small numbers of squirrels. A modified form of the 
box gopher trap has been used successfully (Becker, 1940). The wooden 
back is replaced by two strips of metal, so that squirrels may see through 
the trap, the trigger is shortened and sharpened to hold baits such as whole 
walnuts, citrus, or melon rind, and the release on the top is reversed so that 
a pull on the trigger will set off the trap. 

WOOD RATS 

In southern California, citrus orchards adjacent to canj'^ons with brushy 
cover are sometimes damaged by “pack rats” or wood rats (Neotoma). The 
adult has soft fur, a well-haired tail, and large ears ; the head-and-body is 7 
to 8 inches long and the tail 6^/4 to 714 inches. The rats build conical houses 
of sticks and debris on the ground and in trees. On citrus trees the animals 
cut stems to drop the fruits, but they eat only a small amount of each. Control 
measures include the setting of wooden rat traps near nests, employing rolled 
oats as bait, and inserting poisoned baits in the nest cavities by use of a 
long-handled spoon. 
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COTTON RATS 

In Texas, cotton rats (Sigmodon) do some damage to trees. These animals 
are briffy gray above and white beneath ; the head-and-body is nearly 5 inches 
long and the thinly haired tail about 4^ inches. Cotton rats inhabit grass- 
lands and vegetated stream bottoms, making burrows and underground nests 
as Avell as surface runways and nests somewhat like those of meadow mice. 
Control may be effected by the use of strj’^chnine-coated grain (milo). 

RABBITS 

The native hares or jack rabbits (Lepus) of the American southwest com- 
monly injure and kill eiti'us tree.s by gnawing the bark; cottontails (Syl- 
L'ilagiis) do so occasionally. Rabbits also eat citrus fruits on the ground, or 
sometimes those on low branches. 

Young trees surrounded by tree guards to protect against sunburn, or by 
cylinders of poultry netting about 24 inches tall, will usually escape damage 
by rabbits. The netting should be of small mesh and snp])orted so that it 
nowhere touches the bark. Fencing an orchard with wire, of mesh not greater 
than two inches, will exclude rabbits, but is expensive. The lower edge should 
be buried to discourage the animals from digging beneath. Shooting is 
effective against small numbers of rabbits, especially in the early morning 
and evening, when these animals are most active. 

Poisoned baits have been used to kill jack rabbits (but not cottontails, 
which are classed as game animals). In using such poisoning, care is x*equired 
not to kill game or domestic animals. Local agricultural officials should be 
consulted on the method to use if this sort of control becomes necessary. 
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Chapter XVII 


PEOTECTIXG THE CITRUS ORCHARD 
AGAINST FROST 

BY 

FLOYD D. YOUNG and WAYNE E. HARMAN 

D A.MAGE TO CROPS fvoni frost occurs in many citrus-growing areas, with 
I sufficient frequency and severity to justify expenditures for orchard- 
heating equipment, fuel, and labor to maintain adequate protection. 
The frost hazard varies from impaired quality of the fruit to loss of entire 
crops and trees. Occasionally, tree damage may result in lowered produc- 
tion for several seasons. Citrus trees defoliated by a severe freeze may have 
split bark and killed limbs, and may require five years or longer to return to 
normal production. During the severe freezes of 1913, 1922, and 1937, in 
California, hundreds of acres of citrus trees were killed outright. 

In 1938 an orchard-heater survey indicated that 92,000 acres of citrus 
orchards in California were equipped with heaters to prevent damage from 
frost. This is nearly one-third of the total citrus acreage in the State. Of this 
protected acreage, 88 per cent is equipped Avith oil-burning heaters. 

The purpose of orchard heating is to add heat to the lower air to replace 
part of the heat lost to outer space by radiation from the ground, trees, 
fruit, and other surfaces, and thereby to maintain a safe temperature. 

HEAT TRANSFER 

In order to combat the ravages of frost efficiently, it is necessary to have 
some knowledge of the principles of heat transfer. In the following pages, an 
attempt Avill be made to explain as clearly and simply as possible “the reasons 
why” the earth’s surface and the air in contact Avith it gain and lose heat as 
they do. 

An interesting characteristic of heat is its tendency to flow from points of 
higher to points of loAA^er temperature. There are three main methods by which 
this transfer may be effected, namely, conduction, convection, and radiation. 

Conduction . — If one end of an iron bar is held in a fire, the heat is quickly 
communicated to the other end by being passed from molecule to molecule. 
In this way heat or molecular energy is transferred along the bar from the 
warmer to the cooler end by conduction. 

Different substances transmit heat at different rates. The tile floor of a 
bathroom and a rug resting on it may both have the same temperature. How- 
ever, the floor feels cold to the feet Avhile the rug feels Avarm. The difference 
in sensation depends on the rate of heat conduction. 

Only a short time is required for the heat to reach the cooler end of the iron 
bar, indicating that iron is a relatively good conductor of heat. Nearly all 
metals are good conductors of heat ; the conductiA’ity of Avater is someAvhat 
lower ; air and dry soil are both poor conductors of heat. 
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Soils vary in their ability to transmit heat. In general, the soil which 
contains the most air is the poorest eonduetor. In all soils, heat is conducted 
downward so slowly that the diurnal change of temperature penetrates no 
more than two or three feet. 

Convection. — Air over a heated surface becomes warmed in the lower 
levels by conduction. Its volume is increased and it becomes less dense than 
the cooler air above it. The Avarmed air is forced to rise, and there is a com- 
pensating doAvmvard moA'ement of the cooler air. In this way heat is carried 
aloft. These upAvard and doAvnAvard motions of the air are knoAvn as conA'ec- 
tion. Rising air expands under diminishing pressure and its tem]3erature 
falls. The heated air contimies to rise until it reaches a jioint Avhere its tem- 
l)erature is the same as that of the air surrounding it. 

BadiaiUm. — The t.Avo methods of heat transfer discussed above require a 
medium for transmission ; the first a fixed, and the second a mobile medium. 
The third method, radiation, does not require any medium. All bodies, Avhat- 
ever their temperature, radiate heat, Avhich ti’avels in straight lines with the 
speed of light (about 186,000 miles per second). The character of the radia- 
tion varies Avith the temperature — the hotter the body, the more intense is 
the radiation. 

The heat energy Ave receive from the sxin comes to us as radiant Avaves that 
travel millions of miles through space so cold that no life can exist there. 
They Avarm the air only very slightly in passing through the atmosphere, hut 
are readily converted into heat Avhen absorbed by the earth’s surface and the 
ob.iects upon iti 

The earth loses some of its heat to space continuously by radiation, both 
bj' day and by night. Over a long period of time the heat loss must exacth’’ 
balance that received from the sun, to prevent the earth from becoming 
either continxiously hotter or continuously colder. 

During daylight hours, the earth normally gains more energy from tlie sun 
than is lost by radiation, and the surface temperature rises. After the sun 
sets, the radiation received from the atmosphere and clouds is usually insuffi- 
cient to counteract the loss by outgoing rfidiation, and the temperature falls. 

On a sunny day the ground surface becomes Avarmed and its temperature 
becomes higher than that of the air which OA-erlies it. The ground then becomes 
a very effective .source of heat for the air in contact Avith it. and the surface air 
gains heat by conduction. 

At night, after the sun goes doAvn, the ground surface cools rajiidly by 
radiation and its temperature soon falls beloAV that of the layer of air in 
contact Avith it. As soon as this occurs, the surface air begins to lose heat to 
the ground by conduction. The air tends to come to the same temperature as 
the surface over Avhich it lies or moves. IIoAA'eA'cr, the tem]ieratnre of the air 
lags behind that of the earth’s surface. The poor conductivity of the air 
explains Avhy frost sometimes forms on grass, sticks, and other ob.iects Avhen 
the air temperature is seA'cral degrees aboA'e freezing. 

Influence of slope on insolation. — ^The term “insolation” is used to denote 
the radiation the earth reeeiA’es from the sun. The slope or exposure has a 
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marked influence on the amount of insolation received from the sun. In the 
Northern Hemisphere the slopes facing south receive the strongest insola- 
tion because of the higher angle at which the sun’s rays strike tliem. Northern 
slojies receive the least insolation because the sun ’s rays strike them at a low 
angle. Ground which slopes away from the sun also has the disadvantage of 
remaining in the shade a longer period of time. Southern slopes are more 
favorably situated than level ground, for even the low sun of winter warms 
them. Northern slopes, on the other hand, are at a greater disadvantage than 
level ground. 

llann (1903). in a discussion of these effects, observes that “valleys which 
trend east and west are more favorably situeted than those which trend 
north and south, provided the angle of slope of the enclosing mountain sides is 
the same, because the north and .south valleys are in the shade longer than 
the ea.st and west valleys.” 

In hilly sections, the marked differences of exposure, and slope produce 
considerable variations in the warming of the soil within short distances and 
at similar elevations above sea level. However, these variations tcjid to disap- 
pear at night in areas where the steepness of the slope, is sufficient for air 
drainage to be effective. 

Using Ge.ssler’s values for the amounts of solar radiation received on 
slopes of various inclination aird exposure throughout the year for latitude 
4.1° north, Geiger (1927) constructed the curves which are reproduced in 
figure 273. The amount of solar radiation is given as a product of duration 
of sunshine and the A'arying intensity of the insolation. The unit of insola- 
tion is the “equatorial hour,” which is the amount of insolation received by 
a horizontal surface at the eqtxator in one hour when the declination of the 
sun is zero. The four diagrams refer to different inclinations of the ground. 

Theoretieall.A’, a slope facing east receh'es during the day the same amount 
of insolation as a .slope .similar in every respect but inclining to the west. 
Hence, the abscissa values are the same from north to south through either 
east or Ave.st. There are tAvo scales of ordinates; the left indicate.s the months 
Avith increa.sing declination of the sun, and the right, those Avith decreasing 
declination. 

It is CA'ident from figure 273 that in summer the A'arious exposures do not 
differ greatly in the amount of insolation receiA'ed unless the slope is quite 
steep, bxit in Avinter and spring the southern slopes are far more faA'orably 
situated than those of northern exposure. A slope of 4;)° facing north receiA'es 
no direct in.solation betAA'cen the middle of September and late March. 

Influence of soil and vegetation on tnininiuni temperatures. — Land surfaces 
exposed to sunshine either reflect, tran.smit, nr absorb the solar radiation 
AA’hich gets through the atmosphere. The amount that is reflect ed A'aries greatly 
Avith the condition and color of the surface. According to Hlair (1937). “if 
the land is coA’cred Avith grass or trees, or is black. cultiA'ated soil, the reflection 
is A'ery small, less than 5 per cent. A bare hard sandy soil may reflect 20 per 
cent, and freshly fallen snoAv, 70 per cent of the incident radiation.” 

In general, the absorption of solar radiation A'aries roughly AA’ith the A'isual 
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Fig. 2/3. Intensity of solar radiation on slopes of various inclination and exposures. 
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darkness of the surface. Nearly all soils are relatively good absorbers. How- 
ever, good absorbers are also good radiators, and the land surface that heats 
rapidly by day cools rapidly by night. 

Dry soils, as remarked above, are poor conductors because they contain 
relatively large amounts of air. For this reason the rise in temperature is 
confined to a thin surface layer of the drj’’ soil and very little heat is con- 
ducted downward. This is an important consideration since much of the heat 
conducted into the ground in the daytime returns to the ground surface, at 
night by conduction and helps to prevent a greater temperature fall. The 
combined effect of good absorption and poor conduction is to cause the surface 
soil to heat rapidly when the sun shines upon it and to cool rapidly at night 
when the sky is clear. In general, the diurnal variation of temperature will 
be greatest over sandj'' soils and least over clay soils when skies are clear. 

The frequency of radiation frosts is much greater when the soil is dry 
than when the soil over the countryside is somewhat moist. Running irriga- 
tion water in furrows in citrus groves offers only a slight degree of protection 
against frost damage ; however, large-scale flooding of orchards is more effec- 
tive. This method is not recommended because of the adverse effect on the 
trees .if the soil is kept flooded over a period of several days. 

Investigations have been made (Young, 3925) to determine the effect of 
cover crops on orchard temperatures. An orchard in cover crop was divided 
into two five-acre plots, and sheltered thermometers at elevations of five- feet 
and of ten inches were placed near the center of each plot. After a series of 
frosty nights, a temperature relationship was established between the two 
plots. Temperatures averaged 0.1° F. lower at the 5-foot elevation and 0.2° P. 
lower at the 10-inch elevation in the west plot than in the east plot. The cover 
crop in the east plot was then plowed irnder and the temperature records 
covering twenty-four frosty nights were obtained. After applying the average 
temperature difference between the two plots before the cover crop was re- 
moved, it was found that the cover crop lowered the minimum temperature 
an average of 0.5° P. at the 5-foot elevation and l.-3° P. at the 10-inch eleva- 
tion above the ground. However, it was found that the cover 'crop restricted 
the free movement of air, and on windy nights temperatures as much at 11° 
lower occurred for short periods of time in the plot with the cover crop. As 
soon as the wind ceased, the temperature in the clean-cultivated area fell 
rapidly until it was almost as low as that in the cover-crop area. 

On nights when the temperature barely reaches the danger point in clean- 
cultivated citrus orchards, the lower temperature in orchards with cover 
crops may cause the loss of some fruit within three feet of Ihe ground, but 
the fruit in the itpper part of the tree is not likely to be affected. 

Effect of water vapor on radiation . — ^Investigations have shown that the 
loss of heat from the earth’s surface on a clear, calm night varies with the 
amount of water vapor in the overlying air as Avell as with its temperature. 

All the long-wave radiation from the sirrface of the earth does not escape 
to space. Much of it is absorbed by the water vapor in the lower layers of air. 
It is then reradiated both upwai'd and downward, the amount emitted in 
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either direction being dependent on the mean temperature of the atmospheric 
column. 

Since water vapor is jiractically transparent to the short-wave solar radia- 
tion and absorbs most of the long-wave radiation from the earth, itacts like the 
glass in a greenhouse. It lets through practically all incoming radiation from 
the sun, but hinders outgoing radiation from the earth. This blanketing effect 
is important in checking the fall in temperature on a elear, eabn night. It 
has been calculated that the average temperature of the earth would be at least 
50° to 60° F. lower if all water vapor were absent from the atmosphere. 

The water vapor in the atmosphere varies greatly in concentration from 
time to time and from one location to another. The de^v point is an index of 
the amount of moisture in the air, a high dcAv point indicating moist air and 
a low dew point relatively diy air. 

The deiv point . — The dew point is a temperature — the lemperature at 
which dew or frost begins to conden.se out of the atmos))here as the tempera- 
ture falls on a clear, calm night. Wlien we say the dew point is 45° F., we 
mean that as the temperature falls in the course of the night, when it reaches 
45 degrees, dew will begin to form on vegetation and other ob.icets exposed to 
a clear sky. If the dew point is 28° F., no dew will form, but frost will begin 
to ajipear on exiiosed ob,iccls u’hen the temperature reaches 28°. 

Occasionally we have low temperatures with exceptionally low dew points, 
and when this occurs we may have hcavj'' damage to vegetation without any 
deposit of either dew or frost. In other words, suppose the dew point is 10°, 
and the temperature falls to 22 degrees above zero in the course of the night. 
Since the temperatiire did not fall to Avithin twelve degrees of the dew point, 
there would he no dew and no frost, but a groat deal of damage to crops would 
result. Frosts of this type arc sometimes known as ‘ ‘ black frosts. ’ ’ 

The dew point is an indication of the amount of moisture in the atmosphere ; 
the higher the dew ])oint, the greater the amount of Avater vapor in the air. 
The atmosphere is sometimes extremely diy in southern California, as is 
indicated by the dcAv-point readings beloAv zero that have been recorded. We 
are sometimes asked hoAv the doAv point can be beloAv zero. The ansAver is that 
since the temperature can be beloAV zero, the dcAV point, also being a tempera- 
ture, can also be beloAV zero. When beloAv-zero dcAV-point readings occur, it 
means that Ihe temperature Avoxild have to drop beloAV zero before frost 
Avould form. 

A knoAvledge of the dcAV jioint for his particular district is valuable to the 
citrus groAver in several Avays. On nights Avhen the dexv point is high, say 
above 35° F., the temiieraturc; fall is usually slow and steady, Avith slight, if 
any, fluctuations. AVhen the dexv jmint is Ioav, on the other hand, say 25° F. 
or loAver, there are likely to he fluctuations up and doAvn. When the dcAv point 
is excejitionally Ioav. the temperature may cA'cn fall as much as eight degrees 
in fifteen minutes. When the deAA'-point temperature is 40° F. or higher, the 
rate of temperature fall usualh’^ lessens materially after the deAv point is 
reached, and sometimes the temperature remains almost stationary for an 
hour or more at the dcAV point. 
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It has been found lhat oranges and lemons start to freeze earlier when they 
are u’et with dew than when they are perfectly dry. and the grower knows he 
can take more chances in his protective operations when the dew point is so 
low that there will be no deposit of moisture on his trees. 

AIR DRAINAGE 

When sloping gi’ound is cooled by radiation to a clear sky at night, a thin 
layer of air in contact with it is cooled until it becomes denser than the air 
at the same level in the free atmosphere. It is impossible for the cooled air 
on the slope to accumulate much, because of its increased density. It moves 
doMiislope toward the valley and is replaced by warmer air overl.ying the 



Fig. 274. Cross section of a valley showing the nnuierous small-scale wind circulations 
which develop along the slopes on a clear, calm night. 


vallej’. Such circulations are be.st developed on clear, calm nights when other 
meteorological factors do iiot disturb them. 

Where there is a steep hillside, the de.scending air is compreissed and 
warmed in accordance with a law governing the behavior of gases. This warm- 
ing effect results iii a separation of the moving air from the cooling surface 
in such a Avay that numerous .small-scale circulations develop along the 
steejier slopes. It is doubtful whether any of the air chilled by contact with 
the cold valley walls in the higher elevations of the air-shed areas ever reaches 
the lower levels of the valley flooi-s. There is a mistaken belief among many 
orehardists that when the mountains are covered with snow Ihere is danger 
of severe frost in the valleys beeau.se of the cold winds which blow down off 
the .snow. Under these conditions the hazard of fro.st lies in the low daytime 
temperatures and atmospheric conditions that caused the snow. 

Along gradual slopes the radiational cooling that takes place as the air 
slowly descends to lower levels is usualh' sufficient to com])ensate for the 
dynamic effect of M'arming, and the cold surface aii- drains down the slope 
in much the same manner as water (fig. 274). 

A shallow lake of cold air gathers in each depression, and gradually be- 
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comes deeper as the chilled air is discharged from the slopes. If the valley 
floor has a gentle slope, the cold air gathers to become a moving stream 
rather than a quiet lake or pool. The frost hazard is comparatively greater 
in those lowlands which receive the gravity inflow of cold air from an air 
shed of large area. 

Temperature inversion . — When the cold, heavy air has settled into the 
lowlands with a relatively large body of warmer air remaining aloft, the 
condition is described as one of “temperature inversion.” The amount of 
temperature inversion varies from night to night, depending on previous 
weather conditions. Sometimes the inversion is of only a few degrees, follow- 
ing a cold, windy day when the noi-mal rise in daytime temperatures has been 
reduced or prevented. Large inversions occur on clear, calm nights follow- 
ing warm, sunshiny days if the air is dry enough to permit rapid loss of heat 
from the ground by radiation. 

A study has been made of nocturnal temperature inversions and the influ- 
ence of slope on minimum temperatures along a slope in the Pomona Valley, 
California. Temperature stations were placed at frequent intervals, as 
shown in figure 275. The average minimum temperature for forty-five clear 
nights is given, with mean i.sotherms sketched in to give an outline of the 
body of warm air overlying the valley. In the absence of upper air tempera- 
tures the position of these isotherms is approximate. However, they are drawn 
in accordance with well-known principles of air stratification in the early 
morning and are believed to be fairly accurate. Note that the temperature 
increases most rapidly with elevation in the lowest levels of the inversion. 
Temperatures along the hillside are only slightly lower than those of the 
free air at the same level. The temperatures in parentheses represent partic- 
ular nights when the temper atui'e inversion was very weak and minimum 
temperatures on the slopes were only slightly higher than on the valley floor. 

Temperature stations were also placed along a uniform gradual slope (fig. 
276). In this and similar investigations, it has been found that the slope 
must exceed 150 feet per mile (approximately 3^/2 per cent slope) before 
cold air will drain away at a rate of speed great enough to affect miniTnum 
temperatures significantly along the slope. 

Within reasonable limits, excluding high plateaus or mountains, elevation 
above sea level, or above the valley floor, does not by itself have any influence 
on the relative degree of frost hazard in near-by locations. A depression high 
up on a hillside, into which the cold air can drain faster than it moves out, 
may be fully as cold as a similar depression at the foot of the slope on a 
clear, calm night. Flat or well-rounded summits of hills are almost always 
colder than steep slopes below on such nights. 

Night winds are also of great importance in determining temperature dif- 
ferences between hillsides and valley floor on clear nights. Ideal conditions 
for air drainage are found only when there is no general air movement in 
the district. Even a light wind will interfere materially by mixing the rela- 
tively warm air above or away from the slopes with the thin stratum of sur- 
face air which has been cooled through contact with the ground. A moderate 
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rig. 275. Average minimum temperatures for 45 elear nights during tlie winter of 1918-19 
iu the Poiiioua ValJey. Survey' made along the steep slope shown at the right in profile of 
figure 27C. Figures iii parentheses represent a night when there was a weak temperature 
inversion. 



Fig. 270. Average inijiimuiii temperatures for 29 clear nights along a uniform gradual slope. 


tvind may prevent stratification entirely, both on the slopes and on the valley 
floor, and there may then be little or no difference in temperature between 
hill and valley. With a pronounced temperature inversion, winds of more 
than four miles per hour cause the surface temperature to rise as a result of 
mixing the warm air at moderate elevations with the colder air below. 

WI-IEN TO EXPECT FROST* 

Frosts or freezes may follow almost any tj-pe of local weather, and predic- 
tions based on local indications alone are likely to jirove disappointing. How- 
ever. there are a few local indications that may prove of some value. 

The weather of the I’nited States is largely governed hy the movement of, 

• The practical considerations of orchard heating, in the following discussion, 
are summarized from Young (1940). 
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and interaction between, great moving masses of air which originate in dif- 
ferent regions and have different characteristics of temperature, moisture 
and wind. They may be divided broadly into two main types ; polar, or cold, 
originating in the north, and tropical, or warm, originating in southerly lati- 
tudes. Each air mass carries with it its own particular type of weather. The 
most changeable weather, accompanied by cloudiness, wind, and often by 
rain or snow, is normallj' found near the boundaries between two air masses, 
of differing characteristics, called “fronts.” A boundary at which warm, 
moist air is overrunning relatively cold air is known as a “warm front.” A 
front at which cold air is pushing under, and lifting, a warm air mass is 
known as a “ cold front. ’ ’ Speaking very generally, the passage of a warm 
front is accompanied bj”^ a blanket of heavy low clouds and more or less con- 
tinuous precipitation, whereas the passage of a cold front is characterized 
by intermittent precipitation, followed by broken cloudiness and, later, 
clearing skies. 

Practically all freezes an<l a large proportion of local frosts follow the 
passage of a cold front and the subsequent influx of polar air. Cold rain or 
sleet is followed by intermittent shoAvers or thunderstorms, then clearing 
skies and falling humidity. At times, however, frost does not immediately 
follow the cold-front passage because of wind conditions. RelatiA'ely cold polar 
air masses usually move southAvard in the westerly part of a cyclone, or Ioav- 
pressure area, and in the eastern part of an anticyclone or high-pressure area. 

Although moisture in the ground after a rain tends to prevent warming of 
the ground during the day, it also tends to <prevcnt a large fall in tempera- 
ture during the night. When the deAv point is reached, the latent heat given 
up checks the rate of cooling, and when the abundant surface ground mois- 
ture freezes, the liberated heat also aids in checking the rate of fall in tem- 
perature. 

By the second night after the rain the surface of the ground has usually 
dried out considerably, the deAv point is likely to be loAA-er, and there is more 
danger of a damaging frost. Before the third night the day temperature 
usually has risen high enough to make a heaA-y local frost unlikely, although 
there are exceptions to this rule. In California, heaA'y frosts sometimes occur 
after a strong influx of polar air, AvithoAit any local indications of the passage 
of a cold front. Loav night temperatures occur immediately after the cessa- 
tion of strong, dry, north to east Avinds. 

Large bodies of Avater exert a modifying influence on the climate of near-by 
localities to the leeAvard, and such localities arc less liable to damage by 
frost. A light Avind bloAving from a large ))ody of Avater is generally more or 
less laden Avith Avater vapor, Avhich retards the rate of surface cooling ; and 
as the temperature of the Avater is usually aa'cII aboA’e freezing, that of the air 
passing from it to the land is often high enough to prevent the formation of 
L’ost. 

Rivers often give u]) a large amount of moisture to the surface air, so that 
Avhen the temperature falls to the deAv point a surface fog forms Avhich covers 
a jiart or all of the loAver land in the valley, absorbing and returning radia- 
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tion and! preventing a further fall in temperature. In valleys near the ocean, 
fog sometimes drifts in from the rrater, toward morning, and prevents a dam- 
aging frost. On nights with ground fog, the hillsides are almost always colder 
than the lowlands unless the fog extends high enough to cover both hillsides 
and vallev floor. 

DAMAGING TEMPEKATDEES 

So many factors must be taken into consideration in determining whether 
a given temperature will cause damage to fruits, buds, or blossoms, that a 
correct judgment is not always easj’. The length of time the low tem]>erature 
persists, the vigor of the tree, and the weather preceding the frost, all bear 
upon the amount of damage that will he done. 

Other conditions being the same, the fruit or blossoms on a weak, under- 
nourished tree will show moi-e injuiw than those on a vigorous tree after 
both har-e been subjected to the same low temperarure. 

Frost injury to citrus fruits . — ^It is difficult to name definite critical tem- 
])eratures for citrus. The length of time the low temperature persists, the 
vigor of the tree, the weather preceding the fro.st, the maturity of the fruit, and 
the rate at wdiieh the temperature has been falling, all affect the amount of 
frost damage to oranges, lemons, and grapefruit that will result from a given 
temperature. The size of the fruit is also important, since small fruits cool 
more rapidly than large ones. 

The thick, pithy rind of the orange is a 3 >oor conductor of heat, and because 
of the ]iroteetion it affords, the temperatitre of the interior of the fruit falls 
more slowly than the temperature of the outer air. "When the air temperature- 
is falling rapidly, the interior of the fruit may be as much as 7° F. warmer 
than the air surrounding it, and the fall of temperature inside the fruit may 
lag from an hour to an hour and a half behind that of the air temperature. 

After the fruit begins to freeze, its temperature wiU remain at, or very 
near, the freezing poijit of the orange until it is frozen solid, no matter how 
low the temperature in the orchard maj’ fall (fig. 277). The temperature at 
which freezing of the fruit begins is slightly different in different oranges of 
the .same variety', even on the same tree. In experimental work done by the 
Weather Bureau, the freezing imints of ripe navel oranges varied from 27° 
to 28° F. Half-ripe Washington navels began to freeze at fruit temperatures 
of from 28° to 29°. and green navels at from 28.5° to 29.5°. The fruit itself 
must reach the temperature given above before freezing will begin ; the air 
temperature may be, and usually is. several degrees lower. 

Citrus fruits on the outside of the tree cool more rapidly than those shel- 
tered by foliage, and on a clear, calm, frosty night the most ex])Oscd oranges 
on a tree may be as much as three degrees colder than those within the tree. 
It often happens that a moderately low temjieraturc will freeze only the 
exposed part of the rind of the orange, giving it a water-soaked ap])earance, 
usually called the “water mark.” If the orange is colored, the part of the 
rind that has been frozen turns a verj’ light yellow on the day following 
the frost. Such oranges are called “shiners.” 

The problem of determining what tcmjieratnres will damage citi’us fruits 
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is further complicated by a phenomenon known as ‘ ‘ undercooling, ’ ’ by which 
is meant the cooling of the fruit below its freezing point without the forma- 
tion of ice. Navel oranges have been known to cool as much as 3° F. below 
their freezing point before freezing began. Undoubtedly, oranges are often 
undercooled several degrees, and afterward the temperature rises again, with- 
out the formation of ice and without damage to the fruit. The first formation 
of ice crystals in an undercooled fruit is accompanied by a rise of the fruit 
temperature to approximately its freezing point. The amount of undercooling 
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Fig. 277. Temperatures inside two ripe navel oranges, one exposed to the sky and the 
other sheltered by foliage ; also readings of two standard minimnin thermometers, one inside 
a standard instrument shelter and the other exposed to the sky. (From Young, 1940.) 

Nom. — T ile fruit in this orchard was a total loss, owing to the low temperatures on this 
one night. Both the sheltered and the exposed oranges had already begun to freeze when the 
observations were begun. These records illustrate in a striking manner the fact that the 
temperature inside the or.mge after freezing begins will not fall much below the freezing 
point of the orange until it is frozen solid, no matter how low the temperature of the air in 
the orchard may fall. This is a point that must be kei)t in mind when fruit temperatures 
are used to determine when protection is necessary. 

which the fruit will undergo on a given night cannot be determined in advance, 
although there appears to be less undercooling when the fruit is covered with 
ice than when it is perfectly dry. However, until further information regard- 
ing undercooling of fruit on the tree under natural conditions is obtained, 
it will not be practicable to take this factor into consideration in determin- 
ing when to light the heaters. 

In general, the nights on which heating will be necessary to protect oranges 
and grapefruit may be divided into two classes. The first class will include 
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those on which a local frost occurs, when the cooling is due principally to 
loss of heat by radiation. Such nights usually follow warm afternoons. The 
temperature drops rapidly but does not reach 27° F. until 2 or 3 o’clock in 
the morning. The fruit temperature is likely to be several degrees above the 
air temperature on such nights, and so long as the air temperature continues 
to fall steadily, lighting of heaters to protect ripe, or nearly ripe, navel 
oranges or grapefruit can he delayed until the sheltered thermometer reg- 
isters 26° F. Under similar conditions, heating for the protection of green 
navels or Valencias should start at 27°. In any case, it is best to keep the 
temperature about 28° F. after heating starts. 

The second class of nights on which heating is necessary includes the 
“ freeze ” nights. The preceding afternoons are usually cold and windy, often 
with a cloudy sky. The temperature falls below the danger point early in 
the night and remains there until sunrise ; or the temperature may fall only 
slightly below the freezing point of the fruit early in the night and remain 
practically stationary until morning. On such nights it is necessary to light 
the heaters before the temperature has fallen much below the freezing point 
of the fruit. Lighting of heaters for nearly ripe navels should be started 
when the sheltered thermometer reaches 27° F. Green navels or Valencias 
should be heated when the temperature has been stationary at 28° for 2 hours 
or when the temperatirre is falling slowly and has reached 27.5°. 

It is even more diflScult to advise concerning temperatures at which heaters 
should be lighted for the protection of lemons. Lemon trees carry buds, 
blossoms, and fruit in all stages of development at the time protection is 
necessary. Open blossoms, buds about to open, and small green fruits one- 
fourth inch or less in diameter, are most susceptible to damage, sometimes 
showing slight injury following temperatures of 30° F. for 30 minutes. How- 
ever, temperatures as low as 29° for 30 minutes are often endured at these 
.stages without damage. Tree-ripe fruits are damaged at only slightly lower 
temperatures than the small green fruits. Green fruits more than one-half 
inch in diameter, and small, tightly closed buds are relatively hardy. Green 
fruits three-fourths inch in diameter or larger have been known to withstand 
temperatures below 29° F. for 7% hours, and below 26° for 2*/^ hours, with 
a minimum temperature of 24.2°, without injury. Growers wlio attempt to 
save only the larger green fruits usually will be safe in allowing the sheltered 
thermometer to fall to 27° for 30 minutes or less, maintaining the tempera- 
ture in the orchard at 28° or higher after the heaters are lighted. 

Green lemons which are frozen Avhen about one-fourth inch in diameter 
sometimes remain on the tree and grow to maturity, but make only rough, 
thick-skinned, juiceless fruits of no commercial value (fig. 278). 

Fruit temperatures at which freezing begins in Marsh grapefruit vary 
between 28.5° F. and 29°. Under the most adverse conditions, with slow 
temperature fall and a deposit of ice on the outside of the fruit, mature fruit 
on the outside of the tree will show some damage after a temperature of 26° 
has held for 30 minutes. Under more favorable conditions, with low humidity, 
dry fruit, and a rapid fall in temperature, damage will not begin until the 
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temperature has remained at 24° for 30 minutes. After orchard heaters have 
been lighted, air temperatures in the orchard should not be allowed to fall 
below 28°. 

Badly frozen oranges and lemons usually show positive evidence of damage 
within a few days after the low temperatures occur, the length of time being 
dependent on temperature and weather conditions which follow. The Avarmer 
and drier the days following the damage, the more rapidly the fruit breaks 
doAvn. BA'entually the fruit loses most of its juice. Valencia oranges, if only 



Fig. a78. Eureka Icnioiis of varying sizes wliieli were damaged by frost wlieii very small, 
slioAving abnormal devolopmeiit of rind. Tlicse fruits were iiicked 1] months after the frost 
occurred. The lemon in the lower right-hand corner of the photograph is a normal fruit of 
packing size, 2 inches in diameter. (F'rom Young, 1940.) 

slightly damaged, may sIioaa’ almost complete recovery at hai-A'est time, but 
navel oranges seldom shoAv material improvement. 

Frozen oranges tend to hang on the trees during a dry Avinter but are 
likely to drop .soon after a freeze that occurs in a Avinter Avith plentiful 
rainfall. 

A Avatcr-soaked appearance betAveen the segments marks the only evidence 
of damage to Marsh grapefruit immediately after the ice inside the fruit 
has melted. Often, the only indication of damage a fcAv days after the fruit 
is frozen consists of a markedly lighter color in the parts of the fruit in 
Avhieh ice has formed. Much badly damaged fruit has remained on the tree’s 
2 to 3 months after it has been frozen, without drying out, finally fermenting 
and breaking doAvn at a time of high day temperatures. 
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Eesistance to damage from low temperature variefs iu individual citrus 
blossoms, owing to differences iu stage of development, position in the tree, 
and inherent vigor. For example, a few orange blossoms will usnally be dam- 
aged when orchard temperatures are allowed to drop slightly below 30° F., 
but when there is a profusion of bloom a temperature of 25° F. for 30 minutes 
will still leave enough blossoms undamaged to set about 25 per cent of a full 
crop. A temperature of 28° for 30 minutes will ordinarily cause little or no 
reduction in the size of the final crop of oranges and grapefruit if there is a 
heavy bloom. 

Frost injury to citrus trees . — The amount of injuiw to citrus frees at the 
time of a freeze will depend a good deal on the weather preceding the freeze. 
If the soil and air have been warm and the trees have had plenty of moisture, 
they will be in a succulent growing condition, and a freeze will cause the 
maximum amount of damage. If the weather has been cold and cloudy, so 
that the trees are semidormant, damage by a freeze will be considerably 
less. Trees that have been weakened by lack of proper care are damaged by 
higher temjjeratures than those that have been kept strong and vigorous, 
nature navel orange trees in southern California, in rather poor condition, 
'vrere about 75 per cent defoliated by a temperature below 20° F. for 6 hours, 
with a minimum temperature of 18° F.. in the freeze of 1922. Another navel 
orange grove near by, in good condition, was about 30 per cent defoliated by 
a minimum temperature of 19.8° on the same night. On the morning of Janu- 
ary 3, 1924, a mature California orange grove endured a temperature of 16° 
for V/U hours, and 13 hours below 27°. with only about 10 ])er cent defolia- 
tion. The trees were almost dormant, whereas in 1922 they had been in grow- 
ing condition all winter. 

A mature California lemon grove was entirely defoliated in the freeze of 
1922 by a minimum temperature of 20° F.. and the bark on the trunks of 
ten-year-old trees Avas split on a night when the minimum temperature fell 
to 19°. During the Avinter of 1924—25 .seA’eral temperature stations were main- 
tained by the Weather Bureau in a twenty-year-old lemon grove. In the 
loAver part of the grove, where the lowe.st temperature was 22.6°, the trees 
Avere completely defoliated; on slightly higher ground, where the lowest tem- 
perature Avas 24°, they were about 50 per cent defoliated ; and on still higher 
ground. Avhere the lowest temperature was 26.5° F., only the tender new 
groAA-th Avas killed. In the San Joaquin and Sacramento valleys in California 
the trees become more nearly dormant under aA crage winter conditions than 
in southern California and consequently Avill endure Avithout damage some- 
Avhat loAver temperatures. (See also effect of fertilization of trees on frost 
damage, in ohap. vii aboA^e.) 

TEMPERATURE MEASUREMENT 

It i.s Avell knoAA-n that a thermometer exposed to the sky on a clear, calm 
night loses heat by radiation to the sky and shoAvs a temperature lower than 
the actual temperature of the air surrounding it. In other AAords. the e.vposed 
thermometer merely indicates its oaati temperature. This may bp 1°. 2", or 
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even 3° lower than the temperature of the air surrounding the thermometer, 
depending on the amount of moisture in the air and the type of thermometer 
used. Generally speaking, dark-colored substances radiate heat more rapidly 
than lighter -colored; or those with a high polish. 

It is often suggested that because the orchard trees are not sheltered from 
the sky, unsheltered thermometers sliould be used to determine the tempera- 
tures Avhich damage the fruit. However, there is no reason to believe that an 
exposed thermometer will indicate correctly the temperature of the buds, 
blossoms, or fruits, especially since a dark green fruit will radiate heat to a 
clear sky more rapidly than a white blossom. 

The lower part of a tree is usually more or less screened from the sky by 
adjoining trees, and blossoms or fruit in the interior of a tree are almost 
completely screened by the leaves, branches, and fruit above. The most 
exposed part, that which is cooled most by radiation to the sky, is the top, 
and the cooling is almost always more than offset by the difference in air tem- 
perature between the top and the base of the tree, owing to temperature 
inversion. 

The object in sheltering a thermometer is to eliminate, so far as possible, 
the effects of loss of heat by radiation, and to obtain, as nearly as possible, 
the actiial temperature of the air. As a matter of fact, the air inside an instru- 
ment shelter is usually slightly colder than that outside the shelter on a clear, 
calm night, because the shelter itself is cooled by radiation to the sky. The 
only temperature observations which are afall comparable one with another 
are those made with sheltered thermometers. 

It has been stated that a relatively large amount of heat is required to 
change liquid water to water vapor. Evaporation is going on at all times, 
even' when the temperature is below freemng. When a thermometer bulb is 
covered with a film of water, ice, or frost, the evaporation that is taking place 
absorbs heat from the thermometer and cools it below the temperature of the 
air. The amount of cooling depends on the amont of moisture in the air and 
the rate at which the air is moving pa.st the thermometer. 

A satisfactorj’’ shelter must screen the thermometer from the sky and from 
direct sunlight and must also prevent the deposit of moisture on it from any 
source. Free circulation of air is also an important requirement for a satis- 
factory exposure. It is e.ssential, therefore, that a thermometer shelter allow 
as free a circulation of air as is possible without sacrificing the elements of 
protection from sunlight and liquid or frozen moisture. Standard Weather 
Bureau shelters (fig. 279) have double roofs to prevent undue warming of 
the inside air by the sun ’s rays, and the bottoms and sides are well ventilated. 

In exposing all thermometers used for determining orchard temperatures, 
the foregoing principles shoiild be borne in mind. Whenever possible, stand- 
ard instrument shelters should be used. If this is not practicable, a fairly 
satisfactory thermometer shelter can be constructed from an apple box 
attached to a post, firmly anchored to prevent vibration, the bottom and 
front of the box being open (fig. 280). All shelters should be faced squarely 
toward the north, in order to ]irevent direct sunlight from striking the ther- 
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mometei’s during the day. and should he painted white, to reduce cooling by 
radiation at night. Thermometers should be 414 feet above the ground. 

In reading a thermometer on a cold night, care should be taken not to 
breathe directly on it, and an eleetidc flash light should always be used in 
making readings. W hen matches, candles, or lighting torches are used to 
illuminate the thermometer scale, the temperature may be raised a degree or 



Fig. 279. Standard Weather Bureau theriiiDmetcr shelter. 
(Photograph by Maiiriee Doimclly.) 


more before the reading can be made ; this may result in loss of fruit occa- 
sioned by failure to light the heaters in time. 

Every orchardist who has fro.st-fighting equipment should have at least 
two accurate, dependable thermometers, (ireferably of the type which register 
the minimum temperature. In larger orchards there should be one thermom- 
eter to each five acres. Thermometers should be cheeked for accuracy at least 
once each year, and those found to be in error more than one degree near the 
freezing point should be discarded. Inaccurate instruments should be marked 
so that the correction can be applied when making a reading. Information on 
t.vpes of thermometers developed especially for orchard-heating work may be 
obtained by writing to the Weather Bureau. 
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In the protection of large orchards a thermograph ■will be found helpful. 
A satisfactory type for this purpose can be obtained for approximately $100. 

PROTECTION AGAINST FROST 

Since a crop -which represents the results of the labor and care of an entire 
season may be destroyed by frost in a single night, various methods of pro- 
tection again.st frost have been practiced for centuries in different parts »f 
the world. 



Pig. 28(1. A, roiigli of shelter for a vertical thermometer, which may bo coii.struetc<l 
from an apjde bo.x attached to a ])Ost and firmly anchored to inevent vibration, the bottom 
and front of tlio box being open ; 11, Weatlier Bureau fruit-region instrument shelter, show- 
ing exposure of thermometers and thermograph, suitable for use only in fall, winter, and 
sjiring, recommended for sheltering thermometers and thermographs used in orchard-heating 
work; C, rough tyj)c of shelter for horizontal minimum thermometer, made with two thin 
boards about 9 or 10 inches wide and Ki or 18 inches long, placed at right angles to each 
other, one constituting the back of the shelter and the other providing a cover for the thov- 
monieter. The shelter is secured to a i>ost about 3 feet high, and the toj) board is hinged so 
that it can bo thrown )).-U'k when the thermometer is being set. (Prom Young, 1940.) 

Fmst-protection methods in the Fnited States utilize three general prin- 
ciples; (1) conserving heat, (2) adding heat, and (3) mixing or stirring 
ihe air. 

CONSERVING HEAT 

Cooling of the ground at night is due principally to net loss of heat by 
radiation to the sk}'. If radiation loss can be reduced sulBeiently, the tem- 
])erature will not fall to the danger point. This may be accomplished in vary- 
ing degree by covering the ground or plants with various materials. 

Smoke screens . — Smudge fires of damp straw or manure have been used 
to create a blanket over the area to be protected, the object being to conserve 
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heat rather than acid it to the air. Such a method maj' be of some slight benefit 
when the air is calm and is already almost saturated with moisture. However, 
heav3' frosts usuallj- occur when the humidity is fairl.v low, and there is almost 
alwaj's at least a slow drift of air. In a relativelj’ diy atmosphere, anj’' mois- 
ture thrown off by damp smudge fires Avill be rapidly lost bj'^ circulation and 
diffusion into the air above and surrounding it, and the effect in conserving 
heat will be veiy small. Furthermore, if an effective blanket of moisture could 
be spread over an orchard, a slight breeze %vould cany it steadilj" awa.v, to 
be replaced with cold outside air. 

Experiments have shown definitely that chemical smoke screens such as 
those used in militarj^ operations not onh' afford practicalh’- no protection 
against frost damage, but also are considerablj- more expensive than orchard 
heating. 

Great quantities of orchard-heater smoke in the air after a cold night, 
which screen crops from strong sunlight throughout much of the day, have 
appeared to reduce the amount of low temperature damage materially. 
Whether this is due to .slower thawing of frozen vegetation or directly to 
shielding from strong sunlight is not known. A bank of clouds forming in 
the eastern part of the sky before sunrise on a frosty night appears to have 
the same effect in reducing the amount of damage. 

Covering . — In parts of Alabama and Florida, mounds of earth are piled 
around small citrus trees in the fall, covering the trunk to above the bud 
union. A severe freeze ma.v kill all that part of the tree which is above the 
earth covering, but the trunk is not injured, and a new top can be grown in 
much less' time than a new tree. 

In California, citrus trees under six j'ears of age are sometimes protected 
bj' wrapping the trunks Avith cormstalks or tides. The covering material should 
be two to three inches thick, and bound tighth' to the trunk, reaching from 
the ground to the head of the tree. Anj- .space left betivecn the base of the 
covering and the ground should be eoA’ered ly heaping soil around it. The 
trees should be ivrapped in the fall, before frost danger threatens, and the 
wra]iping.s should be removed as .soon as the danger iieriod has passed in 
the s]n’ing. When the ivrajiping material is removed, the tree trunk should 
be given a hea\y coat of ivhitewash to prci’cnt sunburn. 

ADDING HEAT 

The second principle of frost protection relates to the addition of heat to 
the lower air to replace that lost bj' radiation and conduction. This is gener- 
ally accomplished by lighting a large number of small fire.s throughout the 
area to be protected. 

Persons unfamiliar with temperature conditions in the lower air on frostj' 
nights sometimes speak of the fallacy of attempting to “ivarm iq) all out of 
doors.” It is well knoAvn that warm air is less dense, and therefore lighter, 
than cold air. This fact is exem]ilified in mani' ways in everyda.v life ; the hot 
gases from a stove or furnace rising through a flue, and the lifting poiver of 
the old hot-air balloons are good illustrations. Warmed air continues to rise 
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and cool until it has the same temperature as the air surrounding it. At first 
thought, it might be supposed that the air warmed by the fires in orchards or 
fields would pass upward to an appreciable altitude and be replaced by cold 
air from outside the heated area so rapidly that the effect on the temperature 
in the heated area would be very slight. However, this is not so. 

Factors which influence orchard heating.— On. a clear, calm night there is 
a relatively thin layer of cold air near the ground, with an increase in tem- 
perature up to a height of 300 to 800 feet. This condition, known as tempera- 
ture inversion, makes effective orchard heating possible. The hot gases leave 
the heaters at a high temperature, but rapidly mix with the surrounding 
colder air so that the temperature of the whole mass is not very high. This 
air mass which has been slightly heated does not rise far before it is sur- 



Fig. 281. Cross section of a row of orchard trees and orchard heaters, illustrating the 
manner in which tempera tiire inversion makes effective orchard heating possible. This 
diagram represeuts air currents and temperature conditions in the orchard on a typical 
calm, frosty night a few minutes after the heaters had been lighted. Later the shaded area 
will completely All the space below the 25-foot level. Here, the thickness of the stratum 
of air heated is 25 feet, and the temperature rise obtained at an elevation of 5 feet above 
the ground is 5° F. (Prom Young, 1940.) 

rounded by air of the same temperature as itself. When this occurs, the up- 
ward movement is checked. In other words, the warmer air above the orchard 
acts as a roof which stops the ascent of the heated air (fig. 281) . 

To illustrate, let us assume that the air 5 feet above the ground in an 
orchard has a temperature of 22° F., and that the temperature of the air 40 
feet above is 30°. Let u.s assume also tliat, after the heaters have been lighted, 
the temperature of the ma.ss of heated gases rising from the heaters, mixed 
with the air of 22° temperature in the orchard, is 30°. This mixture, being 
8° warmer than the surrounding air, Avill rise until it reaches a point 40 
feet above the ground. Here it comes to a stop, because it is no longer warmer 
than the surrounding air, Avhich also has a temperature of 30°. The heaters 
continue to supply quantities of the mixture of heated gases and air at a 
temperature of 30°, which stop rising at lower and lower elevations until the 
temperature of the air down to the ground has been raised to 30°. When this 
has been accomplished, the air temperature in the orchard has been raised 8°, 
and the temperature inversion has been destroyed; that is, there is no longer 
any difference in air temperature between the 5-foot and 40-foot levels. Thus, 
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the heat from the burning heaters has been expended in raising the tempera- 
ture of the air within 40 feet of the ground. 

It is plain that the degree of temperature inversion near the ground deter- 
mines the depth of the layer of air that must be warmed to obtain a definite 
increase in temperature at the ground. If there is a rapid increase in tem- 
perature with increase in elevation, the surface temperature can be raised 
several degrees more than when the rate of increase is slight, the amount of 
fuel consumed being the same. 

The amount of this temperature inversion varies greatly from night to 
night, and in different localities. It is mainly determined by the amount of 
fall in temperature from afternoon to early morning. If the afternoon tem- 
perature is high, and it falls to freezing on the following morning, the inver- 
sion is likely to be great, and orchard heating unusually effective. The most 
difficult nights, when protection is necessary, are those following cold after- 
noons, when the inversion in temperature is slight. 

A large number of small fires is more efficient than a small number of 
large fires, especially in localities where the temperature inversion is rela- 
tively slight. The heated gases leave the large fires at a high temperature 
and tend to rise some distance above the ground, whereas the gases from a 
larger number of small fires are mixed with the surrounding cooler air until 
the temperature of the whole mass near the surface is raised slightly, although 
remaining still relatively low. 

Another and probably the most important factor in protection by heating 
is the amount of air movement near the ground. When the air is calm, that 
part of it which is warmed by the heaters remains over the fired area, and 
the maximum results in raising the surface temperatiire are obtained. When 
the air is in motion, even though it be moving only a few miles per hour, the 
heat is steadily carried awaj^, and a greater quantity of fuel must be con- 
sumed in order to obtain the same effect on the surface temperature. 

Because of this air drift, which is found on nearly all frosty nights, a 
large orchard can be protected with less fuel consumption per unit area than 
a small one, unless heating is practiced generally in the neighborhood. In gen- 
eral, the fuel consumption per acre on an isolated 10-acre orchard will be 
about double that on a 150-acre orchard in obtaining a given rise in tempera- 
ture on the same night. 

The protection of the border rows of trees in an orchard with an extra line 
of heaters is important. If no border row of heaters is provided, the air drift 
will carry the heat from the first two or three rows of fires on the windward 
side into the orchard, leaving the outside rows practically unprotected. To 
protect border trees, a row of heaters 10 feet apart should be placed 20 feet 
to the windward of the outside row. Orchard-heater smoke has very little 
influence, and the effect of smudge fires of damp straw or manure on the 
temperature is practically negligible. The belief held by many fruit growers 
that the smoke “holds the heat down” is without basis. 

Direct radiation from heaters . — ^All orchard heaters radiate part of the 
heat produced in the combustion of the fuel. The higher the temperature at 



868 


dims Industry : Production of the Croy 

which the heater operates, the greater will be the proportion of the total heat 
produced that is in the form of radiation. 

Part of the heat radiated by an orchard heater is lost directly to the sky, 
without appreciable effect on the temperature of the air or of the plants. 
Radiant heat travels in straight lines and is completely absorbed or reflected 
by fruit, leaves, or ground, which may intercept it. Some indirect warming 
of the air takes place through contact with surfaces which have been warmed 
by radiation from the heater. During the progress of cold waves, or freezes, 
when temperatures below the danger point are accompanied by M’ind and 
lack of temperature inversion, radiation from the heaters to the trees may be 
of primary impoi-tance in preventing damage. In the protection of low-grow- 
ing crops, such as potatoes, strawberries, or cranberries, the radiated heat 
plays an important part in maintaining a safe temperature. 

Fuels for orchard heaters . — The primary consideration in orchard heating 
is to supply heat enough to offset the natural cooling through radiation of 
heat to the sky, and to raise above the danger point the temperature of 
the cold air drifting into the orchard. Theoretically, it does not matter par- 
ticularly what fuel is burned, provided enough heat units are supplied to 
maintain a safe temperature and the heat is pi’operly distributed throughout 
the orchard. Many different grades of oil have been used in orchard heating, 
from the heavy crude oil as it comes from the wells to refuse c.vlinder oil 
drained from automobile motors. Coal, coal briquets, wood, oil-saturated 
wood shavings, tree primings, baled straw, carbon briquets (a by-product of 
the manufacture of illuminating gas from crude oil), a mixture of coal dust, 
asphaltum, sawdust, and niter, and even discarded automobile tires, have 
been used as orchard-heater fuels. The use of many of these fuels is extremely 
limited, owing to the small supply available. Others are eliminated from seri- 
ous consideration because of their cost. Next to availability and cost, the 
amount of labor involved in protecting an orchard successfully has probably 
had more influence than any other one factor in limiting the number of 
orchard-heater fuels for general use. At present, oil is an overwhelming 
favorite as a fuel for frost protection. Carbon briquets and coal briquets are 
used to a limited degree in the citrus districts of California. 

Wood has never been much used for oi’chard heating outside of Florida, 
principally because of the great amount of labor involved. Pine wood heavily 
impregnated with pitch was formerly rather widely used for orchard heating 
in Florida, but it is becoming increasingly more expensive and difficult to 
obtain. 

Experience has shown that if the proper grade of oil is used, this fuel 
involves the least amount of labor. On the other hand, briquets have certain 
advantages over oil for protecting small acreages. Briquets are easily handled 
and stored, and eliminate the necessity of having storage and distributing 
tanks. Disadvantages of briquets as compared with oil are the following: 
After they have been lighted, it is difficult or impossible to extinguish them 
in case the temperature rises. The lowest temperature usually occurs about 
sunrise; hence the heaters must be delivering their maximum amount of 
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heat at that time, making a loss of fuel almost unavoidable. The healers must 
be refueled at frequent intervals in order to maintain a safe and fairly even 
temperature in the orchard. When coal briquets are burned, the ashes must 
be shaken from the heaters frequently to prevent the smothering of the fire, 
particularly if it is necessary to continue the firing over a long period. Briquet 
heaters depreciate more rapidly than oil heaters because of their higher metal 
temperatures and the lack of a protective coating of oil. However, if briquet 
heaters are properly handled and a sufficient number to the acre are used, 
they are as dependable as the oil heaters in maintaining a safe temperature. 

Carbon briquets make an extremely hot fire and leave very little ash, but 
the supply of this fuel is limited. They are more difficult to light than coal 
briquets, and have caused some difficulty because they have burned out 
heater grates. They burn with little smoke after the first few minutes, but 
sometimes give off sulfur fumes in quantities large enough to be objec- 
tionable. 

Petroleum coke, a residue composed of almost pure carbon, obtained in 
gasoline “cracking” plants, is an excellent fuel for use in solid-fuel heaters, 
particularly when briqueted. It creates a hot fire and leaves very little ash. 

Coal coke is unsatisfactory as an orchard-heater fuel. It is difficult to light 
and the fire is almost smothered by ashes soon after it is lighted. 

Electric power as a source of heat for frost protection is entirely imprac- 
ticable because of the large amount of electricity required to protect even 
a small orchard. 

Lard-pail and other tyjies of open oil heaters, as well as heaters of the dis- 
tilling type, will burn a good grade of diesel oil without difficulty, but pipe- 
line heaters and some drip heaters require a lighter oil with a difference as 
wide as possible between evaporation temperature and cracking temperature. 
The pour point, which is the temperature at which the oil becomes so thick 
that it will no longer flow, must be well below any temperature likely to be 
experienced in the field. An excess of water in the oil will cause the heater 
to boil over or explode, and an excessive amount of asphaltum will fill it with 
a hard, sticky mass, difficiilt to remove. In purchasing oil for orchard heating, 
the grower should specify the lowest asphaltum content obtainable, and 
should never accept oil containing more than 1 per cent as]ihaltum. If it is 
not possible to obtain definite information about the asphaltum content, a 
sample of the oil should be burned in an orchard heater ; the proper type of 
oil should leave only a small amount of dry. cindery residue in the bottom of 
the heater after it has been burned dry five times. Almost all the larger 
oil corporations can supply an excellent ox-chard-heater oil, from 28° to 40° 
B., containing practically no water or asphaltum. The lighter oils burn 
somewhat faster and contain slightly fewer heat units per gallon, but the 
difference is too small to be of much consequence. Pipe-line heatei's and most 
types of drip heaters require a better grade of oil, commonly known as kero- 
sene distillate, than the open-pan and distilling type (stack heaters). 

Sulfur content of all orchard-heater oils should be kept to a minimum and 
should be below 1 per cent, to avoid excessive corrosion of the heaters. 
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Fuel storage . — In order to handle orchard heating snccessfully, it is neces- 
sary to have fuel enough -within reach to last through the longest cold spell 
likely to occnr. Too often, the crop has been protected successfully through 
several cold nights at considerable expense, only to be lost on the last night 
of a freeze because of lack of fuel, "^ere orchard heating is practiced by 
many gro-wers in a community, it is a good plan to buy and store large quan- 
tities of fuel oil on a cooperative basis, as is done in southern California. The 
heaters in orchards that are in the immediate vicinity of the community 
storage tanks can be filled by hauling oil directly from these tanks, hut indi- 
vidually o-wned storage tanks should he installed in every fired orchard more 
than a half mile from the community supply. 

The amount of oil stored at the orchard should equal at least three times 
the capacity of all the heaters. If possible, orchard storage tanks should be 
arranged so that they can be filled and emptied by gravity. If it is not pos- 
sible to do this, they should be elevated, so that the wagon tanks can be filled 
by gravity. It is better to pump oil into the tanks than to pump it out, since 
the failure of a pump used to lift oil from an underground tank may cause 
the loss of a crop. In recent years, corrugated galvanized sheet-iron tanks 
have been installed almost exclusively for orchard storage in southern Cali- 
fornia. The use of corrugated iron makes it possible to use a lighter-weight 
iron without reducing the strength of the tank. 

Concrete storage tanks should be heavily reinforced with steel and should 
be coated with oil-proofing material to prevent leaks. 

In the citrus districts of California the erection of tanks for oil storage on 
a cooperative basis is usually handled by the local packing-house unit of a 
cooperative-marketing organization, the cost being borne collectively by all 
the growers affiliated with the local unit, whether they practice orchard heat- 
ing or not. Growers who do not protect their groves feel that they may desire 
to equip them later, or that the stabilizing of the operations of their organiza- 
tion is of sufficient importance to warrant their cooperation. 

In some districts in California, however, the cost of these community tanks 
is borne entirely by the growers who protect their orchards, and it is then 
necessary to form a separate nonprofit cooperative corporation under the 
laws of the State. The par value of each share of stock is dependent on the 
amount of storage per share which the owner is allowed in the community 
tank. A share of stock representing 500 gallons of storage space usually costs 
from $8 to $10. Outside of the annual cost of carrying on the work of the asso- 
ciation, which is usually very small, the grower’s initial investment in his 
stock is his last capital investment. The association acts only as agent and 
does no financing. In order to insure the use of the proper type of oil in the 
orchard-heating operations, the board of directors reserves the right to deter- 
mine the grade and quality of the oil to be stored. Shares of stock may be 
sold, with the directors’ approval, so that a grower may receive full value 
for his stock if he sells his grove. 

Provision should always be made for cleaning oil-storage tanks, especially 
if the heaters are emptied into the tanks at the end of the season. The soot 
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and sludge remaining in the heaters after they have been burned several 
times gathers in the lower part of the storage tanks, and, if not removed at 
frequent intervals, soon materially reduces the effective storage capacity. 
Care should be taken to keep storage-tank covers watertight to prevent leak- 
age of water into the oil. 

Briquets or other solid fuels for orchard heating are usually carried in 
stock by local dealer's, but it is well for the fruitgrower to keep on his own 
property fuel enough for three nights of firing. Eeserve fuel is often piled in 
the open, but it will be found much more satisfactory to store it in bins under 
cover. 

Distribution of heaters. — ^For the best distribution of heat throughout an 
orchard it is better to have the heaters placed in every row, if that is possible, 
instead of concentrating them in alternate rows. This makes for a more gen- 
eral intermising of the warmed air with the surrounding cold air, and also 
allows heat radiated directly from the heaters to reach nearly every part of 
the tree. The concentration of heaters in alternate rows will give satisfactory 
protection, on nights with radiation frosts, to orchards on slopes where there 
is a consistent air drift from the same direction, provided the heater lines are 
filaced at right angles to the line of drift. During freezes, however, when the 
air is uniformly cold and wind may come from several different directions on 
a cold night, there is usually damage in the rows without heaters, even when 
there is no damage in the rows in which the heaters are concentrated. 

The heated air from a fired orchard often drifts through the adjoining 
parts of neighboring orchards not fired, and may afford them even more pro- 
tection than it gives to the fired orchard itself. 

Filling heaters. — Some growers who protect 5 acres or less with oil, fill the 
heaters from metal drums of about 50-gallon capacity. A wagon tank is 
usually more satisfactory and is almost a necessity where more than 5 acres 
are protected. Three men with a wagon tank can fill heaters rapidly, one man 
driving and two men filling. The oil is drawn into 5-gallon buckets with lip 
and spout, and two to four rows of heaters are filled on each trip. Some 
growers use heavy rubber hose for filling the heaters directly from the wagon 
tank. Two lines of hose are attached to the tank outlet, and one or two rows 
of heaters on each side of the tank wagon are filled on each trip. This method 
eliminates carrying oil from the tank to the heaters. Great care should be 
taken not to injure the tree roots by spilling oil in the orchard. Stack heaters 
should be filled to about one inch below the top of the bowl. A greater amount 
of fuel makes lighting difficult. 

A great many methods of filling briquet heaters are in use. Probably the 
most efficient and the one requiring the least labor is to load the fuel on 
light wagons for hauling through the orchard. A large funnel, its mouth 
slightly smaller in diameter than the top of the heater, is placed therein, 
and the fuel charge is poured from a shoA'el built to hold the correct quantity 
of fuel. In this way the fuel is lifted down from the Avagon instead of being 
lifted up from the ground. Reserve fuel for refueling at night is kept in 
boxes placed beside each heater. ReserA'e fuel should neA'er be stored on the 
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ground, as ■weeds or other plants may grow over it and make it difficult to 
find at night. The reserve-fuel box should be placed not nearer than eighteen 
inches from the heater, to prevent its taking fire. 

Lighting heaters . — All types of heaters are lighted by use of a special 
lighting torch burning a mixture of gasoline and kerosene in equal propor- 
tions. The torch is made in the shape of an ordinary oil can, but larger, with 
a capacity of from one to two gallons. The diameter of the spout is large 
enough to allow a small stream of the lighting fluid to pass through when the 
torch is inverted. At the end of the spout is an asbestos wick, which carries 
the flame. As the lighting fluid passes the wick, it is ignited, and a stream of 
burning liquid is poured into the heater. 

If these torches are correctly designed and constructed and reasonable 
precautions are taken in handling them, no danger should attend their use. 
A small-mesh metal screen is soldered over the base of the spout to prevent 
the ignition of gases in the fuel reservoir. If the screen is properly attached, 
slight explosions of the gases in the spout may occur without danger since 
the flame will not pass through the screen. The screen should be examined at 
the beginning of each frost season to make sure that it is intact and firmly 
soldered to the rim of the spout. The diameter of the spout should be as small 
as possible and still allow an adequate flow of lighting fluid. A large spout 
may contain a quantity of explosive gas large enough to blow out the screen 
and ignite the gas in the reservoir, causing a serious explosion. In the torches 
most recently devised, the air to replace the lighting fluid poured out of the 
spout is taken into the reservoir through a very small pipe soldered into the 
back part of the top of the reservoir and extending the full length of the torch 
handle. In torches earlier designed, the air passed back through the spout, 
interfering with the flow of lighting fluid and tending to carry the flame 
back into the si')out, thus increasing the danger of explosion. 

Care should be taken to see that the torch spout is screwed down firmly, so 
that there will be no leakage at the connection. It is advisable to have about 
an inch of wicking extending beyond the end of the spout, as there is a 
tendency for the fire to jump back into the spout when a short wick is used. 
When torches are carried through the orchard, the spout should be upper- 
most. If the torch is carried in an inverted position, the flame from the wick 
heats the spout to a high temperature, which increases the danger of explo- 
sion. It has been found through long experience that a mixtiu’e of equal 
portions of gasoline and kerosene makes the best lighting fluid. When pure 
gasoline is used, the danger of explosion is greatly increased, and the fluid 
lacks body to carry the flame to the surface of the oil. The lighting mixture 
should be made up fresh each frost season. Growers have been known to try 
carrying over their supply of lighting fluid through the summer months, 
with unfortunate results : during the hot days of summer, most of the gasoline 
evaporated, leaving only the kerosene ; when the time came for lighting the 
heaters, the torches refused to burn and much of the crop was lost before 
gasoline could be obtained and a new lot of lighting fluid prepared. If the 
lighting mixture is made up in large quantities and left standing in drums. 
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as is often done on large oreliai'd.s, the liquid should be thoroughly mixed by 
stirring or shaking before it is drawn off into the torches. 

New heaters are usually diffieull lo light Ihe first time. To light new lard- 
pail heaters, the lighting fluid shoxild be poured in a ring around the inside 
rim, so that the flame will burn on the inside walls of the healer. After they 
liaxe onee been bui'iied dry. the soot adhering lo the sides will act as a wick, 
and Ihc heaters can be lighted rapidly. 

The larger heaters, with stacks and drafts, should be wieki'd before being 
lighted the first time. Any one of a nimdrcr of materials can bo used for 
wieking. AVisps of excelsior, small rolls of newspaiicr. or short lengths of 
hemp rope are the materials most eommonly used. Tlie wieking material 
should he loosely inserted in the draft hole of the heali'r, care lieing taken not 
to choke the draft. After the heaters have heen burned for an bonr or more, 
they can be light ed easily and rapidly without wicks. 

lilost types of bigh-stack heaters must be burned at a high rate when first 
lighted, until the oil and the heater have been thoroughly warmed, or they 
may fail to burn. The usual ju-aetice is to open the drafts wide for lighting, 
regulating the rate of burning about five nuniites later. The drafts should 
l)e adjusted from time to time during the night, as the oil gets lower in the 
reservoir, in order to juaintain a clean flajn(! and to jireveiit overheating the 
stack, which results in an unduly higli depreciation. 

In placing st.ack heaters in ihe orchard, the draft o])oning.s should be faced 
uniformly in one direction for easier light ing and regulating. 

One lighting torch should he kept on hand for each five acres, and one or 
more additional for emergencies. 

In citrus orchards the initial lighting of the stack oil heaters includes 
nearly always half or all the heaters in the grove, the temperature increase 
being regulated through the manipulation of the drafts. 

Briquet heaters are lighted with a torch similar to that, used for lighting 
oil heaters but having a larger lighting-fluid capacity. Paraflin-soaked balls of 
tow. dried peach jots, carbon or woorl-sbaving.s briquets soalied in oil, and 
oil-soaked wood shavings, are some of the materials used, in addition to kin- 
dling wood, for lighting the briquet healers in the citrus dislriets. 

Under competent sujiervision. high school slndenis and students in the 
higher grades in grammar school jirovide an excellent and dependable snjp^ly 
of labor for lighting heaters. One man should be able to light heaters on a 
minimum of five acres. 

Oil hea-ters . — Citrus groves should be equipped with heaters having a 
caj-iacity of at least nine gallons of oil. A great many typ(!,s of large-capacity 
oil heaters with stacks have been developed, hut only a few arc in general 
u.se. All the improved Types use either the "down-draft.’’ the "drijvfecd,” 
or the "gas-generating” jirincijile. In the down-draft heaters, air is ad- 
mitted through the lop of the oil reservoir, causing eomhnstion to take jilace 
on the surface of the oil and raising the temperature suftieiently to change 
some of the oil to gas. The hot gas is then burned as it passes ujiward through 
the stack. Air to eomjflet.c the combustion is admitted through jmrforations 
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in the stack near its base. In one type of short-stack heater, combustion is 
improved by means of heating the air before it passes through the perfora- 
tions into the stack, by admitting it through a space between the stack and 
an outer metal shell. In the drip-feed heater, the oil is fed from a separate 
reservoir through a small pipe to the burner, which is set at the base of the 
stack. 

Oil is fed under pressure to gas-generating heaters through underground 
pipes leading from a central reservoir. After the heater is lighted, the flame 
plays on a chamber through Avhich the oil passes, changing the oil to gas, 
which is burned as it passes from an orifice. Gas-generating and most drip- 
feed heaters require a better type of oil than open-container or stack heaters. 

The normal rate of burning of the larger heaters is one-half gallon of oil 
per hour, but their consumption can be more than doubled by increasing the 
draft opening, or, for the drip-feed and gas-generating heaters, by increasing 
the flow of oil through the feed pipes. The gas-generating heaters burn with 
less smoke than any other type, but the better types of drip-feed and high- 
stack heaters are satisfactory when properly regulated and kept clean. All 
these more expensive types of heaters in fairly general use will protect crops 
satisfactorily in most of the established fruitgrowing districts. 

The lard-pail or other open oil heater should never be used for the protec- 
tion of citrus crops, because of the soot deposited on the fruit. For adequate 
protection, citrus groves should be equipped with fifty of the more nearly 
smokeless heaters to the acre. Stack and drip-feed heaters should have a mini- 
mum fuel capacity of nine gallons. 

The use of small oil heaters which burn slowly, set directly under the trees, 
is impracticable. It has not been possible to distribute the heat uniformly 
through the trees, and when the heaters are burned under citrus trees there 
is danger of serious tree injury if they burn too high. 

Care of ail heaters . — The amount of attention given to storage and care of 
oil heaters varies greatl}'^ in different parts of the country. In parts of Cali- 
fornia where the annual rainfall is light, many fruitgrowers leave the heaters 
in the orchards during the entire year, setting them up close to the trunks 
of the trees after the danger of frost is past. Trees are sometimes injured, 
or even killed, when oil from leaky heaters penetrates the soil around the 
roots. 

The owners of many of the larger orchards using the stack heaters believe 
it pays well to give them a thorough overhauling every two years. They are 
disassembled and hauled to a central point, and after the old coat of paint 
and heater oil have been burned off, care being taken not to damage the 
metal by overheating, the bowls are brushed thoroughly with a steel brush 
to remove rust and dirt, and are examined for leaks. They are then heated 
on an iron grating over a fire, and a good grade of stack paint is applied hot. 
Some growers coat the bottom of the heater bowl by floating it on a reservoir 
of very hot asphaltum, using stack paint to cover the rest of the heater. The 
mixture of soot and asphaltum in the bottom of the heater at the end of the 
firing season makes excellent fuel for heating the bowls. 
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Solid-fuel heaters . — Orcliard heaters burning solid fuels should be set in 
citrus orchards in the proportion of 100 to 125 to the acre. Briquet heaters 
are loaded in a great many different Ava 3 's in different sections. The most 
common method of fueling in the deciduous-fruit districts is to place 17 
briquets in the bottom of the heater, add a handful of dry pine kindling, split 
fine, and then 9 more briquets above the kindling. A slightly heavier fuel 
charge is used in the citrus districts, usnallj’^ about 30 briquets to the heater. 

Coal-briquet heaters deliver their maximum amount of heat about 20 min- 
utes after being lighted, and after 2 to 2% hours of burning the intensitj'^ 
of the fire is considerablj* reduced. Starting Avith the original charge of 26 
briquets, the heater should be refueled with a charge of 8, not later than 
the second hour of burning. A refuel charge of 8 briquets should be added at 
the end of each additional hour of operation, as long as the heaters are burned. 
If the initial refueling is dela^'ed until the end of the third hour, the new 
charge is likelj* to smoulder and smoke for .some time before it begins to burn 
properly. The addition of cold, damp fuel to a fire that has burned down to a 
bed of glowing lumps actually reduces the amount of heat giA’en off by the 
heater for some time afterAvard. At the time of each refueling, the top of 
the heater should be grasped Avith gloved hands and the ash cleared from 
the fire by shalnng. An extra refueling is often necessary just before sunrise, 
to take care of the sudden drop in temperature that usuallj’’ occurs at that 
time. Usually a nerv charge of from 4 to 6 briquets Avill supply the additional 
amount of heat necessary to offset tMs temperature fall. 

Several different types of briquet heaters are in use in the citrus districts, 
in some of Arhieh the fuel is ignited at the top, the fire Avorking slowlj’^ down- 
Avard. This giA-es a longer burning period and a somewhat more CA'en heat. 

Carbon briquets burn more slowly and longer than the coal briquets and 
maintain a more even temperature in the orchard. They are usually lighted 
from the top, since the grates are likely to be damaged when the fuel is lighted 
at the base. When solid-fuel heaters burning carbon briquets or petroleum 
coke, and equipped Avith draft openings at the base, are used, care should be 
taken to aAmid opening the drafts too wide, since both heaters and grates may 
be badlj' damaged bj' too hot a fire. 

Smokiness . — The University of California Experiment Station has made 
an exhaustive studj' of the general problem of smokiness of oil-burning 
orchard heaters. This research was conducted by the Dmsion of Agricultural 
Engineering, in cooperation with the Citrus Experiment Station at Riverside. 

Tests have been made to determine the smokiness of various types of heaters 
in general use. These tests showed that there is a great difference in the smoke 
output of the various types of heaters, that the different characteristics of 
the A'arious commercial fuel oils in use have no important iufiuence on the 
smokiness of different heaters, and that the proper regulation and frequent 
cleaning of many of the simple, inexpensive heaters will permit operation 
within the permissible smoke-tolerance limits. As a result of these studies, 
heater manufacturers have improved the design of heaters and heater stacks 
and the smokineiss of oil-burning heaters has thus been reduced. 
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Factors affecting smokiness . — The smokiness of heaters is influenced by 
the follo'wing factors-.' 

1. Burning rate: Curves of smokiness vs. burning rate (flg. 282) show 
definitely that most heaters when elean have a more or less fixed range of 
burning rates within which the smoke output is at a minimum for that par- 
ticular type of heater. Within this range the smokiness is not greatly affected 
by the burning rale, whereas at rates above this range the smokiness increases 
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Fig. 282. Reliitlon of sniokiness to burning rate for elean lieaters (laboratory tests). 

(From Kepner, 1940.) 


rapidly with increase in burning rate. For some heaters this range is narrow, 
hut for the better healers it is relatively wide. The grower should determine 
the range of burning rates over which his heaters will burn with the least 
smoke and should regulate his heaters accordingly. If the smoke output is to 
be kept within acceptable limits, the heaters must not be operated at exces- 
sive burning rates. Judging from curves of smokiness vs. burning rate for 
the stack-type heaters studied in the field tests (fig. 282),' these heaters all 
have relatively low .smoke outputs over fairly wide ranges of burning rates 
ushen they are rleau. Curves are not shown for the Fugit and petroleum-coke 

’ The discussion of most of the important factors causing smokiness of heaters* is 
adopted from Kepner (1940). 
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heaters, since their smoke outiDuts are relatively lo'w' for all practical oper- 
ating rates. 

2. Soot accumulation: All oil-burning orchard heaters accumulate soot 
while burning, some rather rapidly and others at a lower rate. Soot accumu- 
lations, particularly in the stacks, contribute directly to heater smokiness. 
For this reason, stacks and covers should be cleaned regularly. How often 
the cleanings should be done will depend upon the type of heater and the 
rate of burning. It may be noted that, in general, high burning rates contribute 
to rapid soot accumulations, whereas lower rates of burning result in slower 
soot accumulations. 

The simple cylindrical stacks are readily cleaned by running a wire brush 
through them, but the stack should first be removed in order to avoid pushing 
the soot deposits into the bowl. Combustion chambers should be taken apart 
if thorough cleaning requires it. While the stacks are off, the covers should 
be cleaned by reaching through the stack opening with a scoop or ladle bj”^ 
means of which the soot may be scraped off, canght, and removed from the 
bowl. Down-draft tubes may need cleaning occasionally, particularly if 
filling of the heaters is done through some opening in the cover other than 
the one above the draft tube. Smokiness is increased if the slots in the down- 
draft tube become clogged with soot. 

3. Air leakage around covers and regulators : In the handling of heaters 
between heating seasons, covers, regulators, and stacks are apt to become 
bent and otherwise damaged so that they do not fit tightly. It is much easier 
to keep the covers tight-fitting on round bowls than on square bowls. Air 
leakage into the bowl increases soot accumulations and smokiness, besides 
making it difficult to control the burning rates accurately. Air leakage at 
the base of the stack, especially with lazy-flame heaters, causes a marked 
increase in smokiness. Careful handling of heaters, and the discarding or 
repairing of damaged bowls, covers, and stacks, help to overcome these prob- 
lems. Heaters left in the field from season to season should give less trouble 
from this eause than those emptied and hauled out of the orchard every year. 
The more times a cover is removed, even though not damaged, the greater the 
tendency to air leakage. 

4. Type of oil : Smokiness is not much affected by the usual variations in 
characteristics of clean oils that are within the range of fuels satisfactory 
for distilling-type heaters. To be satisfactory for use in orchard heaters,’ 
however, a fuel must have certain qualities. The amount of residue formed in 
the bowls is affected somewhat by variations in fuel characteristics. For drip- 

' Bowl-type or distilling-type heaters use gas oil generally known as hunker-grade 
marine Diesel fuel of 274-° A.P.I. (American Petroleum Institute) gravity. The 
refineries list this grade of oil as Pacific Standard 200, selected for low pour point. 
(For specification values of this grade of fuel see Warren R. Schoonover, P. A. 
Brooks, and H. B. Walker, “Protection of orchards against frost,” California Agric. 
Ext. Serv. Circ. Ill [1939], p. 47.) The fuel used in the bowl-type heaters during the 
field tests reported herein had a gravity of 31.3° A.P.I., a 50 per cent distillation 
temperature of 508° P., and an open-crucible self-burning residue of 1.8 per cent 
(higher than the recommended maximum). The fuel used in the Kittle and Pugit 
heaters was a kero-distillate of approximately 38° A.P.I. gravity. 



878 Citrus Industry: Production of the Crop 

type heaters the amount of coking in the fuel troughs is increased by the use 
of poor grades of heater oil. The operation of generator-type heaters is sensi- 
tive to oil charaeteristics. 

5. Wind: Stack-type heaters are more smoky in a breeze than in calm 
weather. Since this condition cannot he controlled by the grower, it need not 
be discussed further. 


SPRAYING AND IRRIGATION* 

Spraying . — Spraying of trees with water to afford protection from frost 
has proved impracticable. The weight of the heavy coating of ice that is 
formed strips large branches from the trees and sometimes even splits the 
trunks. Spraying of low-growing plants may be effective if the temperature 
does not fall too low. Water must be sprayed on the plants continuously as 
long as the temperature remains below the danger point. 

The belief held by many farmers and fruitgrowers that the temperature of 
a plant or tree encased in ice cannot fall below 32° F. is erroneous. If water 
is sprayed continuously over the entire plant so that freezing is continuous, 
the temperature of the plant is not likely to fall much below 32° ; however, 
if the supply of water is cut off before the air temperature rises above the 
danger point, the plant may be severely damaged even though completely 
encased in ice. 

Irrigation . — Fairly good results have been obtained by turning warm irri- 
gation water into fields and gardens on moderately cold nights, and the flood- 
ing of orchards by the check or basin system has afforded protection against 
moderate frosts, but irrigation alone will not afford adequate protection 
during severe frosts. Running Avater in furrows in an orchard affords still 
less protection. Furrow irrigation in a California orange grove, using water 
with a temperature of 72° F. at the outlet, maintained the temperature at 
no more than about 1.5° F. above the outside temperature. Frequent irriga- 
tion of citrus trees in the winter months may injure the roots. 

STIRRING THE AIR 

The temperature of the air 40 feet above the ground on a frosty night is 
often from 7° to 10° F. higher than that 5 feet above. It is obvious that if the 
air within this distance could be thoroughly mixed a safe temperature could 
usually be maintained. Large power-driven fans, mounted on towers, have 
raised citrus orchard temperatures over limited areas as much as 8°, under 
ideal conditions, with a strong natural increase in air temperature with ele- 
vation and a practically calm atmosphere. However, none of these machines 
will move air far against a moderate natural air drift ; and during freezes 
or exceptionally heavy frosts, when protection is needed most, there is likely 
to be little or no increase in air temperature with elevation and no warm air 
to be brought down. No machine has been devised which will afford depend- 
able protection during severe frosts. 

* The following practical considerations of frost prevention are condensed from 
Young (1940). 
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GENEEAL EECOMMENDATIONS 

The effectiveness of orchard heating, -when properly handled, in preventing 
damage from frost in the Pacific Coast states and in Florida is no longer 
open to question. Of course, the use of orchard heaters is inadvisable any- 
where unless it is justified by the returns from the crops. 

Numerous schemes for orchard protection, such as central heating plants, 
and steam heat, have proved impractical. Orchard heating by many small 
heaters is at present the only efficient and successful method of protecting 
orchards from frost damage on a large scale. 

The fact cannot be emphasized too strongly that if orchard heating is to 
be practiced successfully it must be handled wdth as much care and attention 
as spraying, fumigating, or any other necessary orchard work. The secret 
of success will be found in adequate equipment, good judgment, attention to 
detail, and extreme vigilance. An inadequate number of fires to the acre may 
often be worse than none at all, as the costs of firing may have to be added to 
the loss of the crop. 

Heaters should be in place in the orchard, fueled, and all necessary prep- 
arations for firing made well before the danger period begins. Procrastination 
has cost millions of dollars in past years. 

Whenever the temperature approaches the danger point, the thermometer 
in the orchard should be watched closely, and, if possible, the rate at which 
the temperature is falling should be determined. If the temperature is falling 
rapidly, the firing must be begun early so that the initial lighting can be 
completed before the danger point is reached. 

Oil heaters (except the lard-pail type) should never be burned dry, as the 
bowls are likely to be warped and otherwise damaged by overheating. 

When an orchard is being heated a safe temperature should always be 
maintained. Frost markings or partial destruction of the crop may result in 
a loss greater than the entire heating expense for the season. 

Whenever it is possible, the owner of the ])ropcrty should suiiervise orchard- 
heating operations. Detailing of responsibility for protection of the crop to 
someone who has no direct interest in the result has been accountable for 
many failures. 

The lighting and regulation of the heaters during the night and the refilling 
operations of the following day ordinarily are handled by two different labor 
crews. During emergencies such as that which prevailed in California citrus 
districts during the 1937 freeze, a shortage of available labor sometimes nec- 
essitates filling and lighting by the same men. In the course of filling opera- 
tions, clothing usually becomes saturated with spilled oil, and a number of 
fatal' accidents have occurred when oil-soaked garments have caught fire 
from burning heaters. Filling crews should not be permitted to work in the 
vicinity of any fire until dry clothing has replaced that on which oil has 
been spilled. 

When stack heaters burn low on a cold night, necessitating^ refilling, or 
when refueling is begun immediately after the heaters are extinguished in 
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the morning, care should be taken to insure the presence of a live flame in 
the bowl. Refueling flaming heaters is a safe operation, but if the flame has 
been extinguished and sparks are still present in the soot in bowl or stack, 
gas explosions may cause serious accidents. If the heater has burned dry, a 
flame can be started by pouring in fuel from a lighting torch. 

In localities where orchard heating is an established practice and the cor- 
rect methods of handling the firing are well known, most of the failures to 
save crops — and they are few — are chargeable to carelessness. As a precau- 
tionary measure it is Avell to do a little test firing at the beginning of the sea- 
son, to malse sure that the torches and other equipment are in working order. 
Defects may be found which can easily be remedied in daylight, but which 
would cause the loss of miieh valuable time on a cold night. 

The purchase of cheap thermometei-s is false economy. The grower should 
buy good thermometers, graduated to single degrees, and guaranteed by the 
manufacturer to be acciirate within one-half degree. 

Thermometers should be removed from the orchard at the end of the frost 
season and stored in a cool place in a vertical ])osition, bulbs down. 

It is w'ell to place a white stake at the end of the row' in which a thermometer 
is placed, to facilitate making temperature readings. 

On a cold night, an isolated cloud passing overhead may cause the tem- 
perature to rise, but as the cloud drifts tow'ard the horizon the temperature 
falls again. Likewise, sudden temporary rises are caused by gusts of wind of 
short duration which mix the upper and the surface air. As a general rule, 
the temperature falls rapidly after the wind or cloud has passed ; entire crops 
have been lost because heaters were not then in operation. If clouds are over- 
spreading the entire sky, or wind brings a sudden rise in temperature .iust 
before sunrise, the heaters may be extinguished ; but if the sky remains clear 
and sunrise is an hour or more away, the temperature should be w'atched 
closely the rest of the night. 

Although it is sometimes difficult to find time to keep records on heating 
operations during the rush of the firing, it should be done w'henever possible. 
The temperature when firing is begun, the time of initial firing and the 
number of heaters fired, the time of firing additional heaters, and the low'est 
temperature recorded during the night can all be jotted dow'n from time to 
time as the work goes on. On the following day an estimate can be made of 
the amount of fuel consumed and the extent of the damage to the fruit, if 
any. Records of this kind will be of great value toward proper regulating 
of later firing ; the more the information gathered, the more efficiently can 
the firing be handled. 

A good frost alarm of the closed-circuit type is quite dependable and will 
appreciably reduce the time required for w^atching during the night. 

ECONOMIC PHASES OP FROST PROTECTION 

The costs of orchard heating, including equipment, fuel, labor, and so on, 
vary in different jmrts of the United States, as likew'ise the temperatures and 
the W'eather conditions w'hich accompany damaging frosts. The quality and 
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quantity of the fruit produeorl and the prices received for the crops also vary, 
not only in different districts, but also in different orchards in the same dis- 
trict. It is impossible to make a general statement on the advisability of 
installing orchard heaters. 

Heating must be regarded as a form of crop insurance. The yearly pre- 
mium on the policy is the total average annual co.st of the heating, including 
interest on investment and depreciation charges. Insuring the fimit crop by 
installing orchard-heating equipment cannot be directly compared with 
insuring a house against damage by fire, for it is reasonably certain that the 
fruit crop will be damaged by frost every few years, whereas insurance on 
a building may be carried for a generation without fire damage. As a general 
rule, in years when orchard-heating expenses arc heaviest, there is a. shortage 
of first-grade fruit that brings better than average prices. 

PROBABLE COSTS 

Since there is a great variation in the cost of orchard heating in different 
parts of the country, and even in different orchards in the same district, 
because of differing costs of equipment, fuel, labor, and the like, and to 
differences in the frost hazard, it is possible to give onl}’ a few examples of 
actual cost accounts supplied by fruitgrowers or by corporations. 

Orchard heating has been practiced for more than thirty years in one of 
the largest lemon orchards in the. country, in southern Califoimia. In the 
winter of 1912-13, a season when the citnis crop in many parts of southern 
California was practically a total loss and thousands of trees were killed out- 
right in unheated orehards, the crop fi’om this 281 -acre grove brought 
$734,318.07 f.o.b. California. The manager states, as his eonsidei’ed opinion, 
that this orchard could not have been profitable since 1912 Avithoirt means 
of protection from frost. On higher ground on the same property where pro- 
tection had not been considered necessary, another orchard, of 5-year-old 
lemon trees, was frozen to the ground. 

This orchard proiicrty is on both high and low ground, but only the low 
ground is jirotected. Lemons are dajuaged at higher temperatures than 
oranges, and since the small green fruit, which is especially tender, is pro- 
tected here, the heaters are lighted oftener and kept burning longer than in 
most other orchards. The costs of frost protection here are thus for firing 
about the maximum number of times that would be necessary anywhere. 

Records on the cost of ]irotecting 281 acres on this iirojierty during a 
14-year period are shown in table 50. It will be seen that the return from the 
fruit saA’ed in 1913 alone, despite the high rate of heating expense, would 
]iay the costs of protection for many years. 

At present (1948) . prices have not stabilized sufficiently to permit accurate 
estimates of costs of orchard heating. Manufacturers of orchard-heating 
equipment are soiling items sub,iect to price at time of delivery and labor, 
and oil costs are iineertain. However, for the grower who must decide whether 
to heat or not, a summary of average costs during the prewar year 1940 is 
given in table 51. 
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TABLE 50 


Costs Per Ache tor Peotectino a Lemon' Orchard” 

(Small open heaters used in 1913 ; improved stack oil heaters used in later seasons.) 


Year 

Number 
of times 
firing 
neces> 
sary 

Average costs per acre 

Total cost 
per acre 

Labor for 
filling, 

lighting, and 
maintenance 

Oil burned 
in heaters 

Deprecio* 

tion 

Interest 

Upkeep 

1913 

19 

S45.70 

238.35 

219.30 

317.85 

311.55 

3132.76 

1914 

2 

10.55 

12.70 

19.10 

17.46 

7.95 

67.75 

1915 

7 


4.20 

17.40 

15.50 

7.65 

55.40 

1916 

20 

21.45 

23.20 


13.40 

1.10 

74.75 

1917 

27 


20.16 


13.45 

5.65 

80.15 

1918 

21 

22.15 

17.75 


11.25 


67.85 

1919 

14 

17.14 

S.S3 

13.09 

8.62 

3 44 

47.82 

1920 

12 

20.54 

5.83 

13.44 

10.80 

1.51 

52.21 

1921 

15 

26.66 

6.46 

13.44 

10.62 

5.49 

62.67 

1923 

11 

27.24 

6.34 

20.07 


2.77 

68.38 

1023 

30 

47.40 

21.99 

21.44 

10.70 


104.53 

1924 

27 

39.92 

22 26 

21.46 

0.55 

1.31 

94.50 

1925 

17 

29.14 

12.48 

21.46 


1.49 

73.37 

1926‘’ 

13 

18.27 

8.70 

4.33 

6 28 

1.14 

39.22 

Average 

17 

12S.S3 

il5.14 

S16.32 

$11.34 

i 4.12 

S 72.95 


* The data presented are for a 2$l>acre orchard. 

^ In 1920 a new method of accounting was adopted. Cc^t figures for that year are based on a total of 082 acres 
of lemons healed. 


TABLE 61 

Average Costs for Equipping and Protecting Fifty Acres of Oranges 
IN Southern Caeifornia 'with Double-stack Oh, Heaters 

initial cost of equipment 


Heaters; 

2,800 double-stack oil heaters, 9-gallon size, at 

$2.32 each, delivered $6,496.00 

12 lighting torches, l-gallon size, at $2.50 30.00 

$ 6,526.00 

Storage: 

105,000-gallon galvanized-iron tank 1,179.00 

Concrete foundation for, tank 50.51 

Container for lighting fluid, 50-gallon size 3.00 

1,232.51 

Distributing system: 

2 tank -wagons, 450-gallon size, at $150 300.00 

Pipe line from storage tank to orchard 209.13 

Tank-'wagon accessories: pipes, connections, valves, 

hose, buckets, etc 50.00 

Portable pump for emptying heaters 20.00 


679.13 
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TABLE 51 (Continued) 

Thermometers: 

12 minimum-recording thermometers at $3 $ 36.00 

1 frost alarm 30.00 

5 flashlights at $1.50 for thermometer reading 7.50 

$ 73.50 

Fuel: 

1,000,000 gallons heater oil in tank, at $0.04 4,000.00 

40 gallons lighting fluid (kerosene and gasoline) at $0.20. . . 8.00 

4,008.00 

Total investment $12,419.14 


AVEBAGE AieStTAE OEEBATINQ EXPENSE 

Interest: 

3 per cent on $8,411.14, investment in equipment" $ 252.33 

6 per cent on $4,008, investment in fuel 240.48 

$ 492.81 

Depreciation; 

Heaters, 10 per cent on $6,526 652.60 

Storage, 5 per cent on $1,232.51 61.63 

Distributing system: 

Tank wagons, 10 per cent on $300 $30.00 

Pipe line, 3 per cent on $209.13 6.27 

Accessories, 20 per cent on $70 14.00 

50.27 , 


Thermometers: 

6 per cent on $73.50 3.68 

Fuel: 

Leakage and evaporation, 1% per cent of total store, 

or 1,500 gallons at $0.04 60.00 

828.18 


Operation; 

Setting pots in orchard 38.00 

Filling pots 70.35 

Refilling pots alter firing (10 times) 116.02 

Lighting pots (10 times a year) 160.00 

Taking up oil at end of season 90.57 

Taking up heaters 32.43 

Painting heaters every 4 years at $0.16 each a year. ....... 112.00 

619.37 


Fuel: 

17,129 gallons oil burned in heaters at $0.04 685.16 

Lighting fluid, 28 gallons at $0,20 5.60 

690.76 

Average annual cost lor 50 acres $ 2,631.12 

Average annual cost per acre ? 52.62 


“ Since there is an average annual depreciation rate of 10 per cent on all items of 
equipment, a fixed interest charge of 3 per cent per annum on the total investment 
will provide lor a yearly charge of 6 per cent on the depreciated value. 
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PROBABLE BENEFITS 

The question whether orchard heating will pay at a given location depends 
largely upon the amount and quality of the fruit produced. The cost of 
protection is the same for a given orchard whether the trees are young or 
old and whether a heavy crop of good-quality fruit or a small inferior crop 
is produced. Quantity and quality production must always be considered. 
Average prices received for the crops are also a factor. 

If the net profit on a crop were the only eonsideration in determining 
whether frost protection will pay, the answer must be negative for most 


S/M! ATOr //7M 2/IM 3/IM 4 AM SAM 6AM 7AM. 8 AM SAM 



Fig. 28,'?. Ooiifiimious records of tlie tempera ttire in an orange grove equipped with .oO 
doulilc-stack oil licaters to the acre, and at a check station outside, during test firing on a 
frosty niglit. No iieaters wore burned near the tcnu)erature station in the lieated grove. The 
solid line indicates what the temperature in the fired orchard would liave been without 
heating. The temperature was raised 11° F., with 50 heaters to the acre burning. 


fruitgrowing districts in the country. IIoAvever, Avhen a fruit crop is de- 
stroyed by frost the otvner 's loss is not limited to the net profit he would 
have made on the crop ; the expense of caring for the orchard for a year, 
interest on the money invested in the orchard, and other similar expenses 
miLst be added. 

The amount of the loss, therefore, Avill be the gross lvalue of the crop less 
the expenses of picking, packing, and .so on. The loss calculated on this basis 
is often very large. Many fruit growei-s have saved enough fruit in a single 
season, or even a single frosty night, to pas’- the total cost of equipping the 
orchard ivith heaters and auxiliary equipment, together ivith the expenses 
of protecting the orchard during the season. The rise in temperature caused 
by using orchard heaters on a typical cold night is shoivn graphically in 
figure 283. 
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Frost damage to trees is a very important eonsideration. Orange and lemon 
trees are sometimes defoliated by a heav}’^ freeze and often require five years 
or longer to get baek to normal production again. In some districts, hundreds 
of acres of citrus trees have been killed outright by low temperatures. 

There are two conditions unde'r which orchard heating will not be profit- 
able : the orchard may be situated where frost damage is too slight in the long 
run to pay the expenses of heating; or it may be in an exceptionally cold 
region, where damaging frosts occur so often that the cost of protection is 
too great to be borne by the crops. The condition first given is rarer than 
would appear at first thought. The saving of one season ’s crop, which would 
otherwise have been a total loss, will justify the expense of heating for several 
years. Many practical growers consider it good business policy to have frost- 
fighting equipment when it is neeessai-y to use it onh’ one season out of five. 
As for the second condition, it is obvious that the frost hazard is so great 
that fruitgrowing will not be profitable in the long run and the trees will 
eventually have to be removed. 

The statement is often made that the policy of growing fruit on the colder 
low ground is wrong and that orchards should be limited to the higher and 
more frost-free locations. This is often open to question. Certain fruits, such 
as the navel orange, are of better quality when grown in localities where the 
temperature falls almost to the danger point at times. In many irrigated 
sections the lower cost of irrigating the valley floor as comi)ared with steep 
hillsides more than makes up for the expense of protecting orchards on the 
lower ground from frost. Also, the cost of cultivating steep hillsides is 
greater, and valley soils often are more fertile than hillside soils. 

In the event of a general severe freeze which reduces the total supply of 
fruit in the country, the crops saved by orchard heating tend to maintain more 
reasonable prices to the consumer. In this way frost protection benefits the 
entire country. For example, less than 50 per cent of the normal citrus crop 
was harvested in California in 1922 because of a severe freeze ; yet the deliv- 
ered value of this crop was 75 per cent of normal. Consumei-s, because of the 
freeze, paid $30,000,000 more for the same amount of California citrus fruit 
in 1922 than in 1921. The total cost of the freeze to the consumer Avas much 
greater than this, because of the higher prices paid for the Florida crop. 
Losses to railroads from decreased freight receipts Avere approximately 
$20,000,000. Even the relath-ely small acreage of citrus equipped with 
orchard heaters in 1922 materially increased the amount of undamaged 
fruit and undoubtedly had its effect in preventing even higher prices to the 
consumer. 

An unusually short crop of any variety of fruit may adversely affect its 
orderly marketing. The ideal condition -would be the steady production of 
good-quality fruit in amounts which would bring a fair return to the grower 
year after year. A short crop is likely to cause such high retail jirices that 
the public turns to other fruits, and the cumulative effect of advertising, 
such as has been done in popularizing citrus fruits, may be lost, temijorarily 
at least. 
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Although state and federal laws impose rigid restrictions on the shipment 
of badly frozen citrus fruits, large quantities of slightly frozen fruit reach 
the markets after an unusually cold season. This also tends to decrease the 
consumption in general and is likely to result in a smaller demand and lower 
prices for excellent-quality fruit the following season. 

A severe freeze sometimes has an adverse effect on cooperative-marketing 
organizations. From 85 to 90 per cent of the citrus crop in California is 
handled through cooperative agencies. These agencies, from the packing 
houses to the eastern sales organizations, are financed through an assessment 
on each box of fruit marketed. After a strong organization has been built up 
through years of effort, it is obviomsly not possible to reduce the operating 
expenses to the same extent the crop is reduced when there is heavy frost 
damage; even a slight retrenchment is likely to weaken the organization. 
Therefore, the cost of carrying the cooperative through a freeze year is borne 
largely by the growers who have saved their crops, and the per-hox assess- 
ment for cooperative-marketing organizations is greatly increased. 
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EFFECTS OF FREEZES: TREATMENT AND 
RECOVERY OF INJURED TREES 

BY 

HENRY J. WILDER 

C ITRUS TREES are tender subtropicals, but the most successful areas of 
commercial production are, in general, near the highest latitudes at 
■which their extensive culture is possible. This is principally true in 
both the Northern and Southern Hemispheres. (Consult Vol. I, chap, iii.) It 
thus arises that in almost all the principal citrus-producing sections of 
the world the trees and fruits are subject to more or less damage by occa- 
sional freezes. 

Since the introduction of citrus-fruit culture into the Mediterranean 
countries of Europe in the early days of the Christian era, more or less atten- 
tion has been given to the studs' frost px’otection and to the treatment of 
frost-injured trees. In most sections, however, severe freezes are so infrequent 
that each recurring freeze finds many growers unprepared and uninformed 
of the best treatment for injured trees. The discussion ]>rescnted here is 
limited to consideration of the effects of freezes and the treatment of injured 
trees. Injuries to the fruit and fruit-salvaging methods will be discussed in 
a later volume of this work. 

FREQUENCY OP DAMAGING FREEZES 
In Florida, damaging freezes are known to haA'e occurred in the winters 
of 1747, 1766, 1774, 1799, 1828, 1835, 1850, 1857, 1880, 1884, 1886, 1894, and 
1895 (Webber, 1896, p. 161), 1899, 1905, 1917, 1928, 1934. and 1940 (U. S. 
Weather Bureau, 1935, p. 106). This indicates that a, severe freeze has 
occurred approximately every ten year-s during the last two centuries. All 
these freezes were not of equal severity, and in the course of the. two centuries 
many lesser freezes are known to have occurred. All the major freezes in the 
years mentioned must have caxiscd damage where citrus groves existed, but 
the most severe injuries occurred in the great freezes of 1835 and the two 
freezes of the winter of 1894-95. 

In California, also, damaging freezes occur about every ten years, and 
minor freezes more frequently. Here, where citrus acreage did not expand 
in the last hundred years so rapidly as in Florida, there was a good deal of 
damage in 1894, and very heavy damage in 1913 and 1922. The years 1932 
and 1937 also had low temperatures, though the damage was much less, 
owing in part at least to the great increase in orchard-heating equipment after 
the 1922 freeze, and to its more etfieient use. In 1937, injury resulted because 
not enough tank cars were available to meet the oil-distribution needs of the 
industry in the emergency. This emphasized, not only that every grower 
should be provided with adequate oil storage, either on his own initiative or 
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through an association connected with his packing house, but also that stor- 
age tanks should be kept filled to capacity (see chap, xvii, above). It may 
be noted that the need for adequate artificial heating was clearly recognized 
as early as 1908-09, since it was in that season that a small group of growers 
in the Pomona district installed some crude oil-burning heaters. In 1911-12 
the protected groves had increased to about 750 acres. On May 15, 1912, the 
Pomona Valley Orchard Protective Association was formed; and this was 
probably the first frost-fighting cooperative. 

The citrus-growing sections of the United States in Texas, Arizona, Louisi- 
ana, Alabama, Mississippi, and Georgia are also subject to periodic freezes ; 
and in all these areas, except in exteeme southern Texas and parts of Arizona, 
the cold is likely to be more severe than in California or Florida. (See tem- 
perature data for these sections in Vol. I, pp. 84-86.) Frost damage is also 
an important problem in almost all the large citrus-producing areas of the 
world. 

Frost damage to trees in the various citrus-growing districts of the United 
States is a fairly frequent occurrence ; hence it is important that every grower 
know the best methods of handling damaged trees. The majority of citrus 
orchards are not provided with heating equipment; and in those that are so 
provided, unavoidable conditions or accidents may permit damage to occur — 
the oil-storage or refilling equipment may prove insufficient, thermometer 
readings may not be adequately interpreted, or a sufficient number of orchard 
helpers may not be available when temperatures drop rapidly and remain 
low. Although much progress in installing orchard-heating equipment has 
been made in California since the freezes of 1913 and 1922, a heavy freeze 
still does damage, some of which could be avoided if such conditions as those 
mentioned above were adequately provided against. 

PLANT CHAEACTERISTICS IN RELATION TO FROST INJURY 

SYMPTOMS OP PROST INJURY 

During periods of low temperatures the leaves of orange trees commonly 
assume a slightly crinkled, drooping appearance, but remain firm and brittle 
if frozen. Leaves of the lemon, however, retain their normal appearance even 
though badly frozen. As they thaw after the freeze, the leaves at first become 
slightly flabby, but, if not too severely frozen, they gradually regain normal 
turgidity and recover. Seriously frozen leaves, however, gradually collapse 
and dry out, turning brown in patches or throughout. The youngest leaves 
are the most easily injured, but all the leaves may be killed in a severe freeze. 
If the twigs are seriously frozen, the leaves commonly dry out and remain 
attached until' they are accidentally broken or blown off; If, however, the 
twigs are not seriously injured, a separative tissue layer is formed at the 
base of each leaf petiole and the injured leaves are thrown off rather 
promptly. 

The twigs, branches, and trunk of a tree are commonly resistant to injury 
from freezing in proportion to their diameter. Small, young twigs that still 
remain green are less resistant than more mature twigs with gray bark, and 
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these in turn are less resistant than the lai’ge limbs. The trunk is commonly 
the most resistant part of the tree above the ground, hut the area near the 
bud union is commonly more subject to injury than other parts of the trunk. 
This is particularly noticeable in Florida, less so in California. 

In young twigs that are still green, frost injury is first indicated hy their 
turning a darker green in color throughout, or in patches ; if severely injured, 
they dry out rapidly and turn brownish in a few days. In light freezes, a tree 
may lose a large proportion of its leaves and show only a small amount of 
twig injury. In severe freezes, large trees may be killed to the ground, but 
the underground part of the trunk and the roots arc rarely if ever killed ; if 
they do not sprout from the base quickly, however, they may die as a result 
of the shock and the lack of the nutrition normallj' supplied through the 
foliage. If young twigs are seriously injured, it is almost certain that the 
fruit has also been injured. If trees are not injured enough to cause a drop of 
a large part of their foliage and yoimg Uvigs, it is not likely that any large 
amount of the fruit will be frozen and hence foimd unsatisfactory for ship- 
ment. (Frozen-fruit characters will be discussed in a later volume.) 

TREE CONDITION IN RELATION TO DEGREE OF INJURY 

Dormancy of trees . — That trees which are in active growth are much 
more seriously injured by freezing than those which are dormant is a con- 
clusion based on the wide experience of growers and students in many locali- 
ties. No definite data are available to indicate the difference in degree of cold 
that a dormant tree can endure, but marked difference in the amount of 
injury to such trees can be observed in evei’y damaging freeze. Dormancy in 
citrus and other trees is usually induced by the approach of cold weather, 
when the temperatures gradually fall below those required for growth (about 
55° F. for citrus; see Vol. I, p. 58) and the trees become inactive. A similar 
condition of inactive growth may also be induced by lack of water, or by 
drought. 

Commonly, dormancy is produced by natural conditio7is and cannot, in 
general, be effectively controlled by growers ; but in regions subject to fre- 
quent frost injury some degree of control may perhaps be exercised. Any 
treatment that stimulates tree growth or activity in the late fall or early 
winter should be avoided. The following operations, if conducted in the fall, 
commonly tend to stimulate late growth : irrigation, cultivation, fertilization, 
and especially, pruning. Withholding any such treatments to the point of 
arresting growth may, however, be injurious. Orchards suffering from lack 
of water if a freeze does come are more severely injured than those with 
optimum or normal moisture. Cultivation and fertilization can usually be 
safely omitted m late fall. Pruning weakens the tree, stimulates new growth, 
and ordinarily should be delayed until early spring when the danger of 
freezes is past. After the freeze of 1913 in California, trees that Iiad been 
pruned in the fall before the freeze were seen to be much more severely 
injured than adjacent similar trees that had not been pruned (Webber et al., 
1919, p. 279). 
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It is evident that little protection can he achieved through artificially 
induced dormancy ; and in localities where efficient heating is practiced it is 
l)robably not good practice to consider any methods of inducing dormancy. 
Even so, however, it is apparently desirable to avoid pruning in late summer 
or fall, because the pruning is likely to stimulate a vigorous growth that will 
render the trees more susceptible to injury. 

Heavy frost damage in California or Florida is more serious in December 
than in February. If there is heavy leaf drop in early winter, new growth 
is likely to develop and render the trees extremely tender and easily subject 
to damage from later cold spells. The relative inactivity or dormancy of the 
tree during the normal winter, however, makes that its most cold-resistant 
stage. Temperatures that will just defoliate such trees will not kill angular 
wood ; and if they are low enough to kill angular wood, they must fall yet 
lower to kill round, more mature wood. 

Effect of tree vigor on freeze injury . — Trees that are debilitated from any 
cause and lack vigor are invariably more seriously injured by freezes, and 
slower to recover, than trees in normal condition. Trees having infestations 
of scale insects or red spiders, and trees attacked by gummosis, scaly bark, or 
other diseases, are more seriously injured than adjacent healthy trees. Debili- 
tation is most easily observed in single trees; but frequently it occurs 
throughout entire orchards. An orchard that is run down in vigor by neglect, 
insufficient irrigation or fertilization, poor pest control, or any similar cause, 
always shows more serious damage fx’om freezing than one that has been 
given good care and is in good vitality and health. 

Ilealthj'- trees that have recently undergone treatment that reduces their 
vigor also exhibit greater injury. Vigor-reducing treatments include fall 
pruning ; scoring or slitting the bark on the trunks of young trees, which is 
erroneously supposed to promote growth ; and, somet’mes. excessive girdling 
to promote fruitfidness (Webber et at., 1919, p. 279). 

Effect of fertilization on freeze injury. — As tree vigor influences the degree 
of injury in freezes, it follows that malnutrition or insufficient nutrition 
which decreases tree vitality will increase the damage. Results of careful 
studies made at the Florida Citrus Experiment Station, Lake Alfred, on the 
degree of injury caused in the freeze of January, 1940, on trees in experi- 
mental fertilizer plots ( Camp et al., 1940 ; Lawless and Camp, 1940 ; Law- 
less, 1941) supply an enlightening illustration. 

It has been found that in Florida soils certain minor fertilizing elements 
are important contributors to vigor of growth, particularly copper, zinc, 
manganese, and magnesium, when they are used in addition to nitrogen, 
phosphorus, and potash. For the frost-injury studies cited above, plots were 
available in which the three fertilizer elements, nitrogen (N), pliosphorus 
(P), and potash (K), until recently considered to constitute the essential 
fertilizer elements, were supplemented with one, two, three, or all four of the 
minor elements. (For details of these observations see chap, vii, p. 366.) 
The greatest damage was sustained by those fertilized only with nitrogen, 
phosphorus, and potash ; the least, by those receiving these elements and in 

■ j,--* 
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addition all four of the minor elements, Zn. Cn. Mn, and Mjr. The authors, in 
summarizing their observations, stated: “The indications from . . . the plots 
at the Citrus Experiment Station, and groves in general, are that any defi- 
ciency is likely to predispose trees to cold injury and that copper and magne- 
sium are particularly important in this connection. . . . Our whole experience 
merely tends to further stress the importance of supplying all the nutritional 
needs of the trees. ’ ’ (Lawless and Camp, 1940, p. 125 ) . The authors interpret 
the protective influence as due to the more vigorous condition of the trees 
induced by good nutrition, rather than to any particular virtue in any ele- 
ment that determines cold resistance. 

Thus far, the citrus soils of California have not shown a need for applica- 
tions of magnesium, but commonly have shown deficiencies of zinc, and, in 
some restricted areas, deficiencies of manganese or copper, so far, at least, as 
trees have responded to treatments with these elements. What constitutes good 
nutritional conditions will vary widely in different citrus-growing districts. 
(See chap, vii, on “Principles and Methods of Fertilization. ’’) 

F-olation of irrigation to tree injury. — Observations made after the freeze, 
of 1913 in California (Webber et at., 1919, p. 278) seemed to indicate that the 
moisture content of the tree (turgescence) had an influence on the degree of 
injury. Trees that had been allowed to dry out so far as to show drought 
injury were more severely frozen than trees with normal or optimum tur- 
geseence. 

At the time of the very severe freeze which occurred I’ound about Oroville, 
California, from December 9 to 15, 1932, when minimums of 12° F. to 15° P. 
were recorded, many orchards were in a very dry condition,' since the fall 
r ain s had been delayed long beyond their normal time. Orchards that bad 
been irrigated late and had thus retained a sufficient amount of moisture were 
injured less than those which had been allowed to become too dry. There is an 
important lesson in this for California growers in the interior counties, who 
•sometimes postpone a late fall irrigation, anticipating that rain will soon 
come. 

When the soil approaches drmies.s, it should bo irrigated. Waiting for 
rain will then be hazardous, not only because the degree of moisture present 
is inadequate, but also because the possible frost damage may be severe. Cali- 
fornia orchards have at times been badly affected when irrigation was thus 
postponed. 

In Florida also it has been noted that, temperatures being the saine, damage 
from cold is more serious with continued dry weather than when rainfall is 
ample (Kime, 1935). 

Observations have also been made which indicate that trees irrigated shortly 
before a freeze (10 to 14 days) , so that they are highly turgid with Avater, tend 
to be more injured than those somewhat more dried out. It seems probable 
that there is an optimum degree of turgidity at which the trees are less injured 
than when they are either too dry or too moist. These conditions, however, are 


’ Verbal information from the late Dr. H. J. Webber. 
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so complex that it is probable they cannot often be considered when frost pro- 
tection is undertaken. 

Relation of cultivation lo tree injury. — Cultivation is also supposed to stim- 
ulate growth ; but this is open to question. Cultivation necessarily results in 
the cutting of some roots, and the tree is probably at first ‘ ‘ thrown off balance ’ ’ 
and reduced in vigor, which may render it slightly more susceptible to frost 
injury. Although it seems certain that cultivation itself has little influence on 
the susceptibility of trees to injury from cold, it is probably good practice 
to avoid all tillage in the fall, other than that necessary in preparing for 
winter cover crops. 

Influence of shade trees on freeze injury. — ^When the. full effect of the J anu- 
ary, 1937, freeze in California became visible, it was observed that grapefruit, 
orange, and tangerine orchards interplanted in date gardens were much less 
severely injured than adjoining orchards planted in the open (Webber, 
1937a). The interplanted citrus trees under the palms, uniformly throughout 
the Coachella Valley where this combination culture is practiced, retained 
their foliage almost untouched and showed no appreciable twig and branch 
injury (the fruit had been harvested before the freeze). Such interplanted 
orchards were scattered throughout the valley for a distance of thirty miles, 
and official weather records indicated, for the district, minimum temperatures 
of 12° to 15° F., of several hours’ duration. Grapefruit and tangerine or- 
chards planted alone frequently adjoined such interplanted gardens and were 
uniformly injured ; almost the entire foliage and many of the twigs and small 
limbs were killed. The contrast in appearance between these orchards and 
tho.se interplanted in date gardens was pronounced. 

The explanation of these differences is not thoroughly understood, but sup- 
posedly they are attributable, at least in part, to the fact that an earlier and 
more thorough dormancy was induced in the citrus trees by their growing in 
shade, at a reduced temperature, and with greater competition for moisture. 
It is also probable that the reduced heat and light were favorable for the best 
possible recovery of frost-injured tissues. 

It seems also probable that the tops of the palms hanging over the citrus 
trees screened them from the clear sky and thus reduced the loss of heat by 
radiation from the trees to the sky. 

Lawle.ss and Camp (1940, p. 122) observed in Florida that some citrus 
trees growing in shade under a clump of pines lost only a few leaves, whereas 
unprotected trees a few feet aAvay in the same orchard suffered a heavy loss 
of wood. 

Varying degrees of susceptibility. — ^That the species of Citrus differ con- 
.siderably in their comparative degx’ee of resistance to freezing is well known. 
Trees of the citron, lime, and lemon are more tender than those of the grape- 
fruit and SAveet orange, and these in turn are more tender than sour orange 
and mandarin orange trees. The kumquat and the trifoliate orange, which 
belong in genera closely related to Citrus, are still more hardy. The fruits of 
the various species exhibit some differences in degree of resistance to that 
shoAvn by the trees. The fruits of the mandarin orange, for instance, are much 
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more easily injured by frost than those of the grapefruit or the pummelo. (See 
Yol. I, p. 54.) These differences in the degree of resistance to freezing exhib- 
ited by the species are of great imi^ortanee when a grower is choosing the type 
of citrus to plant in a certain location in order to avoid loss through freezing. 
Citrons, limes, and lemons should be planted only in the warmest areas avail- 
able, oranges and grapefruits being placed in the slightly colder sections. 

The degree of hardiness referred to in the preceding paragraph is consti- 
tutional (genetic) for each species and is independent of, but affected by, the 
environmental conditions diseus.sed in preceding sections. It is probably 
closely related to dormancy, and the tendencj" shown bj’^ some species more 
than others to remain thoroughly dormant throughout the cool winter period. 
The citron, lime, and lemon tend to be continuous growers and fruiters and 
are frost-tender species, whereas oranges, grapefruits, and mandarins have 
more definite periods of growth and fruiting, exhibit a greater tendency to 
remain dormant during the winter, and are more frost-hardy. 

After every freeze it is possible to observe that certain trees in an orchard 
of the same varietj' have been less injured than others, and sometimes a single 
tree will go through a freeze almost untotiched while the others surrounding 
it are defoliated and badly injured. Many such trees have been chosen and 
propagated as frost-proof varieties. The clonal (bud) progeny of all, or almost 
all, such selections have failed, however, to exhibit any greater hardiness than 
that characteristic of the varieties from which they originated. It is of course 
entirely possible that a tree showing such resistance may have originated as a 
bud sport and would transmit its character of hardiness, but that would con- 
stitute a major change in the variety, since there is but slight difference in 
degree of hardiness among the many varieties of any certain citrus species. A 
contradiction might be argued for the hardy Meyer lemon ; but that variety 
is probably a hybrid and not a pure lemon. Apparently, the resistance of such 
seemingly frost-proof trees is to be explained usually as a difference due to 
the special conditions of a narrowly limited local environment, which have 
rendered them more dormant than neighboring trees. 

Effect of rootstocks and interstoclcs on freezing injury. — Since this subject 
has been fully discussed earlier (see chap, ii, pp. 94^95), little need be 
added here. 

Rootstocks comprise mainly the underground parts of the tree only, 
and even the least cold-resistant ones are but rarely injured in the most 
severe freezes ; hence they are to be considered mainly with respect to their 
effect on the scion variety as influencing its degree of resistance. The rootstocks 
of nursery trees and young orchard trees, however, if these are more tender 
and frost-susceptible than the scion variety, may sometimes be frozen severely 
while the tops are but little injured. Injury of this kind can be successfully 
prevented by banking earth around the trunks to a short distance above the 
bud union, or by using frost-resistant stocks. Banking with earth also prevents 
injury to the bud-union area. In some citrus-growing regions, as in Florida, the 
bud-union area of citrus trees is commonlj'^ more susceptible to frost injury 
than other parts of the trunk or stock. 
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NOTABLE FREEZES: TREE INJURY AND METHODS 
OP TREATMENT USED 

Such widely varying conditions exist in different localities with each freeze 
that the degree of injury and the methods of tree treatment found to be the 
most satisfactory may be quite different. For this reason the discussion here 
relates to several of the most notable freezes and the lessons derived from 
studies subsequently made. 

THE FREEZES OP 1894-95 IN FLORIDA 

Character of the freezes . — What is generally referred to as the great freeze 
of 1894-95 in Florida was really two freezes of about equal severity that 
occurred in one winter. The first began on December 27 and was most intense 
on December 29, 1894, when minimum temperatures (in degrees P.) recorded 
for well-known stations from north to south were : J acksonville, 14° ; De Land, 
16° ; Orlando, 18° ; Tampa, 19° ; Port Myers, 24° ; and West Palm Beach, 24°. 
At most points in the citrus belt of that period the minimum temperatures 
ranged from 15° to 19°. P. Although all fruit was frozen solid, it remained 
firm for a month, and much of it was eaten locally and some was shipped to nor- 
thern markets (Webber, 1896) . Eventually, however, the crop that remained 
on the trees was almost wholly lost. The low temperatures were accompanied 
by strong winds which at most stations reached a maximum velocity of 25 to 30 
miles per hour. Throughout most of the state, all leaves were killed, but, owing 
to weather conditions, dropped gradually. The trees were mostly dormant ; 
hence there was only moderate twig injury and bark splitting (fig. 284) . 

The second freeze followed, February 7-9, 1895, with minimum tempera- 
tures, in general, about the same as in the first freeze (Jacksonville, 14° ; Or- 
lando, 19° ; West Palm Beach, 29° P.). The five weeks intervening between 
the two freezes had been fair growing weather, and the two weeks imme- 
diately preceding the second freeze had been’ especially warm and good grow- 
ing weather. As a result, growth had started and young shoots had pushed 
out abundantly all over the trees. Thus, the trees were very susceptible to 
damage by low temperatures when the second freeze came. As most of the 
old foliage had dropped from the trees, they were unprotected and in a very 
weakened condition. The oldest and youngest trees, whether on sweet stocks 
or sour stocks, were alike killed to the ground throughout the greater part of 
the stale (fig. 285). This was true of large budded and seedling orange trees 
from twenty to forty years old (Webber, 1896) . As this freeze probably caused 
greater damage to citrus than any other anywhere, it is of special* historic 
significance. The following statement, prepared by Dr. Webber,' who made 
a special study of this freeze, is therefore included here. 

“It is important to note that the great destruction wrought by the freezes 
of 1894-95 in Florida is of very rare occurrence and must be considered as 
phenomenal. It was the combined result of two freezes so spaced and corre- 

'H. J. Webber, University of California Citrus Experiment Station, Riverside, in a 
statement supplied to the writer October 29, 1944. 




Tie. 285. Orange grove at Fort Mason, in central peninsular Florida, killed to the ^'ound 
in the freeze of 1894-95. The trees were cut back six months after the freeze. (Photo, 
September, 1895, by H. .1. Webber.) 
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lated •with, otherwise good growing weather conditions as to produce the great- 
est possible damage. The citrus crop in Florida the year preceding the freeze, 
1898-94, was recorded as 5,055,367 boxes ; that of the year of the freeze was 
estimated at over 6,000,000 boxes, most of which was frozen ; the crop of the 
following year, 1895-96, was only 147,000 boxes, all of which was produced in 
the extreme southern part of the state. It was not until the season of 1909-10, 
fifteen years later, that a crop was again produced equal to that of 1894-95, 
lost in the freeze. So far as known, no freeze or other catastrophe so disastrous 
to the citrus industry has ever occurred anywhere, at any time. Yet there 
was no call for aid, and no assistance provided to growers by state or nation. 
The only comparable freeze that has occurred in Florida was that of 1835, and 
the records of that freeze are so fragmentary that safe comparisons cannot be 
made ; at that time there were only a few small citrus plantings in the state. 

“In a single freeze of the same severity as either of those of 1894-95, the 
crop of the ensuing year is almost invariably heavier than the crop of the year 
preceding the freeze. This was true of the crops in Florida in the years follow- 
ing the severe freezes of 1886 and 1917 and of the crops in California follow- 
ing the freezes of 1913, 1922, and 1937. This reaction is ^fficult to understand 
in view of the almost total loss of foliage, young twigs, and even fairly large 
limbs. The shock to the trees seems to stimulate the setting of fruits from the 
flowers that foim abundantly on the young growth of the early spring, which 
with an uninjured root system is forced into very vigorous growth. ’ ’ 

Beluilding frozen trees . — Since little experience had been accumulated 
from previous freezes, the problem of what methods to use in recovering or 
rebuilding the frozen trees in Florida in 1895 was a ijuzzling one. A wide 
variety of pruning treatments were tried. Many growers were so uncertain, 
however, about the best thing to do, and so discouraged, that they did nothing 
to the injured trees, and thereby discovered that trees left unpruned recov- 
ered more rapidly than those treated by any method of immediate pruning. 
This was observed particularly in the small area planted in the southern part 
of the state below the latitude of about 27°, and in other small protected areas, 
where the trees were not so severely injured. In the greater part of the state, 
however, the budded tops of the trees were entirely killed, and the main prob- 
lem was how to reconstruct the scion tops most quickly and satisfactorily. The 
most common, and in general probably the most successful, method followed 
was to permit sprouts to develop from the base of the old stock trunks and, 
when they were sufficiently large, to bud several of the best-located of these on 
each tree with buds of the scion variety desired. The budding was usually done 
in May or June. The old dead trunlts were most commonly cut off before the 
sprouts were budded, but all sprouts that grew from the bases of the old 
trunks were allowed to remain for a time to nourish the roots. All unbudded 
sprouts were removed when they began to interfere with the development of 
the budded sprouts. 

Many methods of grafting were also used in the reconstruction of the tops 
of badly frozen trees, such as crown grafting, cleft grafting, and sprig graft- 
ing (see chap, i, above), but none of these methods proved as commonly 
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successful as the sprout-budding method. Grafting methods are more expen- 
sive because they require scions with five or six buds each, and budwood is 
scarce, especially under such conditions. Dr. Webber,' who conducted a spe- 
cial survey of the results of the 1894r-95 freeze in Florida (Webber, 1896) , has 
outlined the following example of the successful use of the crown-grafting 
method in recovering old trees, frozen to the ground. 

‘ ‘ The most rapid rebuilding of old trees frozen to the ground . . . was in the 
grove of Dudley W. Adams ( at that time president of the Florida State Horti- 
cultural Society), south of Lake Dora, in central peninsular Florida. Adams 
believed that the trees would ultimately die to the ground, and thus did not 
wait to see how they would recover. In the early spring as soon as the first 
sprouts began to show he had the old trunks sawed off slightly below the 
ground level. As the tops were removed, each old stump was crown-grafted 
with three or four scions to each stump, and the earth filled in around and 
over the stump covering the bases of the scions. As this work was done 
promptly, the main spring growth went into the scions and the development 
was thus considerably ahead of that in groves where sprouts were allowed 
to develop from the base of the trunk and then budded. This grove of Adams 
during a period of at least three years was considerably ahead of any other 
reconstructed grove observed in the survey. (See Webber, 1896, figs. 19, 20, 
and 21.) ” 

When the first freeze started, a few growers banked their trees with earth, 
thus covering the bud unions and the lower part of the scion trunks. Part of- 
the scion trunk was thus saved from injury, and sprouts therefrom were 
grown into new tops much more quickly and with much less expense than by 
any other method. Banking with earth has now become a common practice, 
in Florida and Texas especially, for protecting young trees and nursery 
budlings. Sometimes, especially with Satsumas, the nursery trees are headed 
low so that the banking can be extended to cover the trunk and the crotches 
of the head branches. 

THE FREEZE OP 1913 IN CALIFORNIA 

Although minonfreezes had occurred in the early days of the citrus indus- 
try in California, the freeze of January 5-7, 1913, was so much more severe 
than any within the memory of men then engaged in citrus culture, and the 
acreage had by then been so greatly expanded, that growers were confronted 
with a grave problem. The loss caused by the freeze was a stunning blow. 
Obviously, continuance in the citrus business required better protection 
against frost hazards than had been developed in earlier and less severe 
periods of cold. 

Low temperatures prevailed for three days, the last day being the coldest. 
San Bernardino, Eedlands, Pomona, Monrovia, Porterville, Claremont, and 
Colton registered absolute minimum temperatures of 18° to 19° F. ; River- 
side, Pasadena, Azusa, B1 Cajon, Fresno, and Lemon Cove, 20° to 22° F . ; 

>H. J. Webber, University of California Citrus Experiment Station, Riverside, in a 
statement supplied to the writer October 29, 1944. 
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Bakersfield, Ojai Valley, and Escondido, 13° to 14° F. ; Santa Barbara, Los 
Angeles, and San Diego, 25 ° to 30° P. The freeze was accompanied by strong 
winds. The damage was very great because the cold lasted three days. 

Following the freeze; a frost-damage survey was organized by the Univer- 
sity of California College of Agriculture under the direction of the Citrus 
Experiment Station at Riverside, and much valuable material was collected 
through immediate field observations and in following the results and rates 
of recovery of the trees for several seasons. In 1919 the results of these sur- 
veys were published (Webber et al., 1919), and the di.scussion given here is 
in large part summarized from that source. 

Frost injury in relation to orchard sites. — The elevation above sea level 
did not indicate liability to frost injury during this freeze, since many other 
weather factors were involved. In southern California, citrus fruits are 
grown at elevations ranging from sea level to 2,700 feet or more. In some 
areas, trees at sea level were severely damaged and groves at elevations of 
1,400 to 1,500 feet were unharmed. In other areas, the reverse occurred. Com- 
parisons of temperature-elevation relations .should not, however, be drawn 
as between coastal and interior areas. Neighboring localities within either 
coastal or interior areas are more nearly, comparable in all respects. 

Local relative elevation is an important element in influencing tempera- 
ture ; it is usually colder at low levels than at higher levels in the same local- 
ity during the typical quiet, frosty nights. Ordinarly, orchard locations 
with good local air drainage, which means slopes with adjoining'lower areas 
into which cold air can drain off, are advantageous. This circumstance was 
fairly prevalent throughout southern California at the time of the 1913 freeze, 
even though there was an accompanying strong wind. Frequently, trees in 
low areas were entirely defoliated while those higher up in the same orchard 
retained almost all their foliage uninjured. 

In some areas, however, the reverse occurred. In the freezes of 1913 and 
1937, the very cold north winds came down over the mountains from the 
northern desert areas and hit the foothill areas and high mesas before dis- 
persing over the more open valley floor, upsetting the normal trend of local 
air currents, and many of the orchards on the higher mesas next to the moun- 
tains were more seriously injured than those at lower levels. (See for further 
discussion chap, iv above.)' 

The freeze of 1913 convinced California citrus growers that more had to 
be done in the way of orchard heating. Little information was available, 
however, about effective equipment, and growers had to start with almost no 
fundamental knowledge of the principles involved. The results of the series 
of equipment surveys and studies conducted following the freeze were pub- 
lished by the California Experiment Station (Webber et a?.,1919). 

Treatments used on injured trees. — ^Injuries on the timnk and limbs of 
frozen trees lisually appeared as splits in the bark, and injured patches of 
bark commonly appeared in the crotches of limbs especially. On young trees, 
longitudinal splits commonly occurred in the bark on the trunks. Within 
aboxit two weeks after the freeze, the injured parts of the bark began to dry 
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out and on the edges of splits to curl outward awaj’’ from the stem wood. 
Finally, in the natural process of tree recovery, the dead bark became clearly 
delimited and could he cut awmy and the injured areas treated. 

Many growers sought to preserve injured bark where splits occurred on 
trunks and limbs by binding it down with string or tape wrapped spirally 
around the trunks. Where the wrappings were put on promptly after the 
freeze, leaving spaces of about an inch between the spirals to allow free 
access of air, and Avithout wax coverings, observations in general indicated 
that for vigorous young trees some slight benefit was obtained. Some of the 
injured areas had also been painted over Avith grafting Avax or asphalt emul- 
sion, and the combined Avrapping and painting, which prevented the escape 
of moisture, apparently stimulated fermentation and increased the injury. 
In many orchards, also, groAvers merely painted OA'er many injured areas on 
the trunks and lai’ge limbs Avith various preparations such as grafting Avax, 
beeswax, asphalt paint or emulsion, or white lead, but it could not be deter- 
mined that these treatments had increased the healing rate. (Webber et al., 
pp. 284^286).' 

Whitewashing to prevent sunhnrn. — ^FolloAviiig the freeze of 1913, a rather 
large number of the defoliated trees in various parts of the State Avere white- 
Avashed, after the leaves had fallen, to protect them against possible injury 
by sunburning. Most of the trees, howcA’cr, were left Avithout such protection. 
It was found that Avhen the Avhitewash Avas put on before ncAv growth had 
started, the appearance of the new groAvth Avas delayed about three weeks. 
When applications were made after the groAvth had started, the tender neAv 
growth Avas frequently injured. In general it seemed to be apparent that 
defoliated trees that Avere not treated recovered as Avell or better than those 
that were treated (Webber et al., 1919, p. 289). 

Pruning frost-injured trees . — ^Various • methods of pruning Avere tried. 
Severe cutting back Avas AA’idely resorted to ; and some that Avas more mod- 
erate, since many groAvers felt that .some sort of iiruning shotild be done at 
once. Meanwhile, fortunately, many groAvers hesitated, Avaiting to make up 
their minds how to proceed. Thtts some orchards went unpruned Until new 
growth developed, AA'hich Avas the certain index of what the tree could do 
for itself. 

The California College of Agriculture ran a special “frost train” soon 
after the freeze of 1913, making stops throughout the citrus areas of the 
State and advising groAvers that it AA'ould be better to delay pruning, when- 
ever the frost damage had been at all .severe, until the full extent of the 
damage could be clearly recognized. A fcAV months after the freeze, the expe- 
rience of orchardists demonstrated the principle of “the less pruning, the 
quicker the recovery.” This Avas in harmonj'’ AA'ith the advice given by the 
College of Agriculture. It Avas soon found that no one could judge immedi- 
ately after the freeze just hoAv much of the damaged wood could be expected 

' It should be noted here that after the dead bark on Injured parts is dried out and 
has been removed, covering' the areas with a good asphalt paint or emulsion deters 
decay and discourages the entrance of borers before the growing bark seals over 
the wound. 




Fig. 287. Badly injured Eureka lemon tree, unpruned, five and one-half months after 
freeze, showing the extent of damage and the new growth that has developed. From Cali- 
fornia Agricultural Experiment Station Bulletin 304, fig. i.3. 
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to recover enough to produce, ultimately, healthy leaves and twigs. It was 
desirable to permit as much leaf and twig growth as possible on the injured 
trees, as an aid to their rapid recovery. A lemon tree which was pruned soon 
after the freeze of 1913 is shown in figure 286 ; all the seriously injured wood 
was thought to have been cut out. This was apparently a misjudgment, since, 
subsequent to pruning, some of the ends of upper stubs of branches died back 
further toward the trunk. An adjoining tree which was left unpruned for 
five to six months after the freeze is shown in figure 287. After this tree is 
pruned to remove dead wood, it apparently will have an appreciably larger 
amount of healthy twig growth than the tree shown in figure 286, which 
was considered comparable immediately after the freeze. 

A striking example of the eifects of different pruning treatments after the 
freeze was seen in one orchard of old lemon trees that were badly injured. In 
most of the orchard aU wood judged to be badly injured was cut out in Feb- 
ruary, about a month after the injury. One check row, however, was left 
which was not pruned until the following summer. These latter trees made 
the best recovery. The wood on the pruned trees ultimately died back, in most 
places, beyond the pruning cuts made in February, thus making a second 
pruning necessary. 

In summarizing treatments (Webber and Milliken, 1919), advice was 
given to let the trees alone for four to six months after a freeze in order to 
produce the greatest possible leaf area, and then remove the dead wood at 
one pruning instead of two, as was required with trees illustrated in 
figure 284. 

An experiment was carried on by the California Citrus Experiment Sta- 
tion in a seven-year-old lemon orchard. Four treatments were followed. The 
pruning was done in March, 1913, two months after the freeze. (Webber et al., 
1919, p. 287.) 

In treatment 1, the trees were left unpruned. In treatment 2, the trees 
were pruned moderately, the limbs being cut back only as far as they were 
thought to be severely injured. In treatment 3, the trees were cut back to the 
principal branches, without reference to injury, thus being very severely 
pruned. In treatment 4, the trees were cut off below the crown branches, thus 
leaving only the trunks. In May, 1914, fourteen months after pruning, the 
trees of treatments 1 and 2 had developed the largest tops and the most fruit, 
there being no fruit on trees of treatments 3 and 4. The growth on the trees 
of treatment 1 after pruning seemed as a whole to be more vigorous and more 
fruitful than any other. That on trees of treatment 2 was nearly as good, 
but required a second heavy pruning, which greatly increased the expense. 
When observations were made in May, 1914, there was no fruit on trees of 
treatments 3 and 4, and the top development was far behind that of 1 and 2. 

The results of these experiments were in accord with those of many grow- 
ers all over the State. It was stated specifically (Webber et al., 1919, p. 288 ; 
Webber and Milliken, 1919) that the best policy to follow in promoting the 
recovery of injured trees is to delay pruning for four to six months or longer, 
until the trees have had time to throw out vigorous new growth and plainly 
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delimit the dead parts. Then all pruning can be done at one time at the least 
expense, and full fruiting is most rapidly restored. Sunburn also is mostly 
avoided, because of the protection afforded by the dead branches and the 
greatest possible number of new leaves; and this greatly lessens the amount 
of whitewashing, Avhere that is thought desirable. 

Injured nursery stock, pruned early, started new growth later than 
unpruned stock, the time difference sometimes being as much as three weeks. 


Kig. 288. Growtli of lemon tree which had been sawed off 
4 indies above the bud union soon after the freeze of Janu- 
ary, ]922. It represents tlie total growtli about 6 inches 
long from tlie only adventitious bud, G months after the 
freeze. (Photographed July 21, 1922.) 

It was also found that usually it is not worth while to remove frozen fruit 
from the trees except as it has value for by-products. The danger of spread- 
ing fungus spores from the mummied fruit is not sufficient to warrant the' 
expense of removing it. 

THE FREEZE OF 1922 IN CALIFORNIA 

The freeze of 1922 in California occurred January 19-22, when minimum 
temperatures of 18° to 20° F. were registered in many orchards. The weather 
during the preceding part of the winter had been mild and unusually free 
from even' light frosts ; hence the trees had not become so thoroughly dor- 
mant as in usual winters. The trees -were thus more seriously injured than 
they would normally have been at these temperatures (Young, 1924). 

Prior to this freeze, a good deal of heating equipment had been installed 
in southern California orchards. Many orchards, however, were not so 
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equipped, others were inadequately equipped, and oil-storage facilities were 
limited. Consequently there was hearj' damage. 

Immediately after this freeze, the Agricultural Extension Service of the 
University of California made a study of all existing literature on the sub- 
ject, and conducted also a survey’ of the citrus-producing counties, in order 
to learn about all possible methods of treatment that had been used follow- 
ing previous seasons with low temperatures. 


■) 

V 



Fig. 289. TJnpruned tree, thirteen nnmtlis after the freeze of 1 922. Injury was siniilnr to that 
of trees sliown in fig. 287. (Pliotograiilied Alareh 9, J92.S, tliirteen luontiis ufter the freeze.) 


Pruning and rebidkliiig injured trees. — The survey recorded many meth- 
ods of treatment, and many degrees of cutting back injured wood, besides 
the removal of dead wood, but there was one practice that Avas outstanding. 
Orange and lemon trees that had not been pruned at all for a year or more 
following the previous freeze had made the most rapid growth and returned 
to normal production of fruit the earliest. The survey thus checked exactly 
Avith the previous conclusions (Webber ct al., 1919). 

Accordingly, plots were laid out in March, 1922, by the Agricultural 
Extension Service in several counties. In San Bernardino County, the plots, 
including both orange and lemon, Avere designed particularly to demonstrate 
the results indicated in the survey Avith respect to the degree of pruning 

' Under the direction of AV. R. Schoonover, Citrus Extension Specialist. 
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desirable, namely, no pruning, moderate pruning, and severely cutting back. 
It was believed that these three methods would demonstrate adequately good 
and bad types of practice adaptable for most orchards. Thus definite records 
were established, not only of degree of injury, but also of rates of recovery. 
The lemon plots were in a ten-acre Eureka lemon orchard in Upland ; the 
orange plots, in Cucamonga. The lemon trees at the time of the freeze were 
nine years old. 



Fig. 290. Less severe injury on a nine-year-old tree in tlio same orchard. Photographed 
after it had been pruned May 24, 1922, to remove all injured wood. Compare with fig. 292. 


In all citrus-growing districts, there was much confusion of ideas with 
respect to the hest treatment for frost-injured trees. Acting on the advice of 
a man who had seen trees cut back to the ground following the freeze of 
1913, the owner of this lemon grove had employed him a short time after 
the freeze to cut back his most sevei'ely injured trees, particularly those with 
the most bark-splitting on the trunks. Fortunately, a farm advisor observing 
injured groves drove past this one when the employee had just started work 
and had sawed off only a few trees a few inches qbove the ground. The owner 
was at once consulted, and immediately ordered the work discontinued. The 
accompanying illustrations, with brief descriptions, tell concisely and strik- 
ingly the story of experiments conducted in this orchard. 

The tree in figure 288, which had been sawed off four inches above the bud 
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Tinioii soon after the freeze of January, 1922, sho-wed no groTvth for three 
months after the freeze, but illustrates the total amount of growth from an 
only adventitious bud five months after being cut back. 

The tree in figure 289 had a degree of injury similar to that in figure 288, 
but was left entirely unpruned. The photograph was taken March 9, 1923, 
thirteen months after the freeze. 

The tree in figure 290 shows a medium degree of injurj^ and was pruned 



Fig. 291. Becovery of lemon tree sliowii in figure 290 by September 15, 1922, about eight 
months after the freeze and nearly four niontlis after pruning. 


back accordingly on May 24, 1922 (about four months after the freeze), and 
so had a well-spaced framework from which new growth could start at once. 
Figure 291 shows its degree of recovery by September 15, 1922, and figure 
292, its recovery by February 17, 1923, about thirteen months after the 
freeze. This tree began to bear in 1923, and had produced by February, 1924, 
106 fruits, and by July, 1924, 173 fruits. 

Figure 293 shows a companion tree to that in figure 290, with which it 
should be compai*ed. It was not pruned during 1922. Note its recovery in 
figure 294, a photograph taken September 15, 1922, and later in figure 295, 
a photograph taken February 17, 1923, or twelve months following the 
freeze. This tree began to bear in 1923, and by February, 1924, had produced 
225 fruits or more than twice as many as the tree shown in figure 292 at the 
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same date. By July, 1924, it had produced 451 fruits or 2.6 times as many as 
the tree in figures 290, 291, and 292, which had been cut hack sooner after 
the freeze, even though it had been pruned only moderately. 

Figure 296 shows a lemon tree badly frozen in January, 1922. It was not 
pruned until June, 1923. The groudh was much better distributed than in 
trees pruned in 1922, and less wood will have to be removed. Figure 297 shows 
the same tree after pruning in June, 1923. This is a good illustration of the 



Fig. 292. Beeovery of lemon tree sliown in figures 290 .unci 291 by February 17, 1923. This 
tree began to bear in 1923, and liad produced bv February, 1924, 106 fruits, and bv July 

1QO/< 1 -70 ^ t f J ** 


type of wood that should be removed, and of the distribution of the resulting 
fruit-bearing wood. The principle involved is that many twigs and branches, 
even though badly injured, will still produce leaves, and that the rate of tree 
recovery is proportional to total leaf area, regardless of a moderate amount 
of bark splitting. It is only dead wood that does not throw out new leaves 
and young twigs rapidly, and much of the twig area that appears worthless 
just after the freeze will develop new growth with startling rapidity if let 
alone. Accordingly, the “let alone” program for at least a full year follow- 
ing the injury will hasten recovery most. True, the removal of dead wood in 
a mass of' new growth twelve months after the freeze is somewhat difficult 
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and a mean job, especially with lemon trees, but if fruit ]iroduction is the 
criterion of judgment, then it is the proper course, and well worth doing. Dis- 
tance to cut back cannot be determined until some time after the freeze, and 
if pruning is done early it always involves a later pruning which greatly 
increases expenses and aetualh’ delays recovery. 

It is exceedingly difSeult, and consequently more expen.sive, to tr 5 ’^ to prune 
in the next autumn, only some six or eight months after the damage, because 



Fig. 293. Ooinpaiiion tree to that shown in iignro 290. Not pruned, 1922. 


it is then almost impossible to avoid breaking off some of the angular tvater 
.sprouts which have been quickly jiroduced and always carry a relatively 
large leaf area. By a year, or perhaps a somewhat longer time, after a freeze 
the succulent growth will have hardened and rounded, and much less break- 
age will occur ; also, the new growth will have so developed that attention 
can be given to reshaping, or otherwise planning the future development 
of the tree. 

This description thus far applies to lemon trees because they are more 
susceptible to frost injury than orange or grapefruit trees. The methods of 
treatment are equally applicable, however, to orange and grapefruit trees, 
as has been observed from contemporary experience. 

After every freeze there is always a question of what should be done about 
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very young injured trees, or of promoting the recovery of injured trees that 
are only one to three years old. Trial plots on this problem were started in 
the spring of 1922 in San Bernardino County. They demonstrated that, for 
lemon trees even as young as three years, no pruning for twelve months is 
the advisable course to follow. It was also demonstrated that the injured 
trees have far more value than replanted trees. Following such a policy is 
also important in saving the expense of the replanting. 



Fig. 294. Same tree as that shown in figure 29.S. Eecovery by SeiJtember 15, 1922. 


Subsequent to the freeze of 1922 it was demonstrated conclusively, on 
pruning plots of frost-injured trees in San Bernardino County, that the 
strong fall growth the first season, even though later frozen back, is far better 
than growth lacking in vigor. Such vigorous growth always has a beneficial 
effect on the tree. Withholding water to check growth, because of the possibil- 
ity that damage might later be done by frost, proved inadvisable. This conclu- 
sion applied to trees of all ages, and particularly to mature groves that had 
been allowed to run down and become devitalized. 

In the course of a survey folloiving the cold weather of November, 1931, 
it was found that in the coast counties (Blanchard, 1932) it had been more 
difficult to rebuild young lemon trees than young orange trees. It was also 
observed that a much greater degree of success had been attained in rebuild- 
ing young trees, beginning with 1922, in the interior counties of California 
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than in the coast counties. The much drier atmosphere of the former was 
doubtless the reason: high, dry temperatures had acted as adequate disin- 
fectants before any special treatments were applied to prevent decay. There 
is evidence to indicate (Blanchard, 1932) that in the coastal sections the 
young trees are more susceptible to fungi that cause wood decay than are 
similar trees in the interior districts ; also, that various heavy dressings, such 
as grafting wax, when applied before the wounds had thoroughly dried. 



Fig. 295. Same tree as that shown in lig. 293. Recovery by February 17, 1923. This tree 
began to bear in 1923, and produced by February, 192+, 225 fruits, and by July, 1924, 
451 fruits. 


favored the activity of injurious parasitic and saprophytic organisms. It 
appears obvious that if the application of wound • dressings had been 
deferred in the coastal counties for a few more weeks, until higher tempera- 
tures had dried the wounds thoroughly before the various dressings were 
applied, results might have been much better. However, permanganate of 
potash could have been applied safely at any time, because its high degree 
of liquidity permits rapid drying. 

Beluilding young trees . — From the evidence available, it appears that in 
the interior counties it certainly pays to rebuild both young lemon and young 
orange trees unless they are very ba^y injured : there is an actual saving of 
time in bringing them into bearing, as compared with the rate of growth and 
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ultimate production of newly planted nursery trees ; and the scarcity and 
high price of nursery trees following a major freeze make a replanting opera- 
tion two or three times as expensive as normally. 

The recommendations of Blanchard (1937, p. 184) respecting the pruning 
methods to he used in rebuilding young trees, when the proper time comes. 
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pruning during the season following the freeze, with the exception of the removal 
or control of suckers or rank growing water sprouts. . . . The main object should he 
to maintain all the leaf surface possible as a means of bringing the trees back into 
balance at an early period. The first pruning a year after the freeze should be light 
or moderate and confined to removal of dead wood and thinning out where the 
foliage is too dense. 



Fig. 297. Same tree as tliat shown in fignro 29li, after pnining. Note 
type of wood removed. 


2. Where a considerable part of the top is killed and frost cracks occur on the main 
scaffold limbs — 

Trees injured to this extent require rebuilding of the framework system. They 
should not be given any pruning treatment until several months have elapsed. . . . 
Where the injury has been quite severe, it appears best to do no pruning at all the 
first season. In some cases, however, the formation of a new framework system may 
be encouraged and the distribution of the framework branches controlled to some 
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extent by a moderate pruning during the summer. The worst injured framework 
branches should be cut back to a point below all serious frost cracks. If possible, such 
cuts should be made to smaller lateral branches in order to check the vigor of the 
growth of the new shoots which will appear and which will serve as new leaders 
. . . All exposed branches should be whitewashed to prevent injury jrom sunburn. 

This treatment wiil result in the production of various shoots some of which will 
serve as new leaders. These should not be pruned until the following spring, at which 
time they should be thinned, removing all those poorly placed and leaving as many 
as are needed, usually from four to six, as main leaders. These should not be headed 
in or “stubbed” as this will prevent the production of fruiting laterals. If the leaders 
grow too long, after laterals have formed, they may be shortened in, cutting to 
a side branch. 

Where the trees are not pruned at all the first season following the freeze, the prun- 
ing treatment the second season is essentially the same as that just described, with 
the exception that the new vigorous shoots will perhaps not be as well distributed. 
Care will be required in tbe proper selection of those to be left for the future frame- 
work branches. 

3. Where the top is partially or completely killed to or just below the head of the 
tree but the trunk still remains sound — 

Delay cutting back until mid-summer to definitely determine the degree of injury. 
Trees affected to this degree will require rebuilding by establishing a new head. 
The entire top of the tree should be removed, cutting below all large frost cracks. 
New vigorous shoots will be produced which must be carefully thinned in order to 
provide for the formation of a satisfactory framework. . . . More shoots should be 
allowed to grow the first year or two than will eventually be desirable. When the 
tree has made a satisfactory new head; surplus branches may be removed. 

4. Where the top is killed or badly injured and the injury extends down the trunk 
but not to the bud union — 

Trees in this condition will require rebuilding from a new shoot produced from a 
point above the bud union. The recommended treatment is to cut oft the head of the 
tree after it is definitely determined. . . . that the top is killed, leaving the trunk as 
a support for the shoot from which the tree is to be remade. A well placed shoot 
should be selected and tied to the trunk in order to give it an upright position. A 
number of other shoots should be left to serve as nurse limbs for the first year or two. 
The selection of the shoot from which the -future tree is to be made should prefer- 
ably not be made until mid-summer. If the nurse branches appear to compete with 
the main shoot, they should be suppressed by pinching back part way. When the new 
shoot reaches a height of 38 to 40 Inches, it should be topped at from 28 to 32 inches 
to force the development of a head. . . . The nurse branches should be left for at least 
the first season with small trees and for two years with larger trees. . . . After having 
served their period of usefulness, these shoots should be removed, cutting close to 
the trunk, and the old stump cut off on an angle of forty-five degrees close to the 
base Of th*e new trunk. After drying out for a few days, the wound should be disin- 
fected and after drying again, sealed with a good wound dressing such as asphalt 
paint or grafting wax. Emulsified asphalt may be used before drying out, provided 
it is preceded with mercuric cyanide disinfectant. There is nothing to he gained by 
applying such a paint in the early stages of frost injury. 

5. Where the injury extends to the bud union — 

Trees injured to this extent must be rebuilt from below the bud union. The most 
satisfactory method appears to be that in which a strong growing shoot is forced 
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out [from the rootstock] aud the tree treated in the eame general manner as that 
described in class four. In the fall of the season following the freeze this shoot may 
be large enough for dormant budding. [The budding of this shoot and the formation 
of the new head would be the same as in the production of a nursery budllng; see 
this Tolume, chap, i.] 

Data on the San Bernardino plots follotving the freeze of 1922, and eon- 
tinned through 1926, showed, however, that in the interior districts, at least, 
no growth should be removed for the first full year. In midsummer, after 
the growth is well started, leaders may be selected, the terminal buds from 
the other growth being pinched off so that a maximum leaf area is main- 
tained without competition for height between the other growth and the 
leaders selected for the main branches. Where the top is killed but the trunk 
is uninjured, sprouts will often start from buds near the top of the trunk 
which can seiwe as frame branches. If the young tree is killed down to the 
bud, a sprout coming from below the bud can be trained for a new trnnk by 
tying it to the old dead trunk for support and then budding the live sprout 
later in the summer. Such trees may develop much faster than a replant, but 
with trees one to three years old replacement appears to be better. 

On the nine-year-old trees in the San Bernardino plots in 1922 all bark- 
split limbs healed very rapidly where no pruning was done the first year, 
thereby permitting the tree to throw out the maximum number of leaves, 
which restored the normal functioning of the tree in the shortest possible 
time. Limbs and twigs healed thus quickly acquire strength to sustain heavj' 
crops of fruit as rapidly as they return to normal production. Any degree 
of cutting defers such restoration. 

On the other hand, where the splitting is so extensive that the bark rolls 
back for one-fourth to one-third the circumference of the limb or trunk, 
careful follow-up work is required. The peeled bark is of no use in rebuilding 
(.see Webber ct al., 1919, p. 283), since all new bark comes from the edges of 
the wound and grows toward the center of the frozen area until it is closed. 

Many growers have thought that the loose separated bark should be left 
for protection from sunburn. Since it serves as a harbor for insect pests, and 
sometimes defers drying too long after spring rains, even in the orchards of 
the interior counties, its early partial removal to the degree that light may 
jienetrate to the healing edges is desirable. In the coast counties, the devel- 
opment of Selerotinia, molds, etc., is even more pronounced. 

After a freeze, foliage will develop early enough, if no pruning is done, to 
provide adequate shade in most seasons. Where it does not do so, the wounds 
should be painted with asphalt base paint. No painting should be done, how- 
ever. until all the w'ounds have dried thoroughly, and in the coast counties it 
should be done at times when there is no fog. Blanchard (1937, p. 184) wrote, 
“An additional cause for the greater percentage of failures in the coastal 
section is believed to have been the prevailing practice of sealing up all frost 
cracks and wounds by means of wound dres.sings without ]5ermitting them 
to dry out, thus favoring the actmty of injurious parasitic and saprophytic 
organisms [fungi causing wood decay].” 
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THE FREEZE OF 1937 IN CALIFORNIA 

In January, 1 937, oc«uri’ed tlie most severe freeze, or freezes, that southern 
California has ever experienced. Young stated (1939, p. 317) : “Considering 
both temperature and duration, the 1937 freezes broke all known records in 
all California citrus districts except those in the Sacramento Valley. All of 
January was cold but the two principal cold periods occurred between 
January 7-11 and January 19-27, the freeze of the latter period in general 
being the more severe. The full effect of the first freeze had not become fully 
evident before the second freeze came. The minimum temperatures recorded 
in most sections ranged between 15° and 20° F. and in the Imi^erial and 
Coachella valleys temperatures of 12° and 13° F. were reached.” 

Because large numbers of orchard heaters were used, the damage to trees 
and fruit was in general much less than in the freezes of 1913 or 1922. Never- 
theless, many orange and lemon groves were insufficiently protected, or 
entirely unprotected, and the trees suffered severely; many were entirely 
defoliated, and the small twigs and limbs were seriously injured or killed. 
Injuries frequently extended to fairly large limbs, measuring three to four 
inches in diameter, and many young trees were killed below the bud unions. 

Pruning and rehuilding frozen trees. — ^After this freeze, the information 
on the pruning and rebuilding of frozen trees that had been gained from the 
observations and experiments following the freezes of 1913 and 1922 was 
available and was widely publicized. Growers in general understood and 
followed the best approved methods. Observations on the results obtained 
served to confirm fully the correctness of the conclusions reached earlier 
(see “The Freeze of 1922 in California,” above). 

Effect of freeze on citrus grown under dates. — Since the freeze of 1922, 
the practice of planting citrus as a combination crop in date gardens had 
become common, and several hundred acres of such plantings of grapefruits, 
oranges, and tangerines, ranging in age from one to nine years, were avail- 
able for study following the freeze of 1937. It was a general observation that 
these citrus plantings were much less severely injured than citrus orchards 
planted alone and they commonly survived the exceptional temperature of 
12° to 13° F. without losing their leaves. 

Whitewashing frozen trees to prevent sunhurn. — After every freeze that 
is severe enough to result in serious defoliation and twig injury, it is com- 
monly recommended that the trees be whitewashed to prevent sunburning. 
Webber (1937&, p. 185) has questioned whether this is good practice, in view 
of the very general observation that most orchards are not whitewashed, yet 
apparently recover as well as those that are whitewashed, or even better. 

Sunburning is supposed to be caused by the greater solar heat and the 
greater intensity of the actinic or ultraviolet rays to which the tissues are 
suddenly exposed when the leaves fall. It is well known that if the trunlc or 
large limbs of a citrus tree are exposed to direct sunlight in summer by sud- 
den removal of the leaves, serious sunburning is likely to occur. Freezes that 
kill and remove the leaves, however, almost invariably occur in winter, Avhen 
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the solar radiation and the intensity of actinic rays are only about oue-lialf 
what they are in summer (Webber, 1937). Freezes, furthei-more, usually 
occur at times when the soil is abundantly moist, the humidity high, and the 
temperatures moderate. Under these conditions, the partial shade ])rotection 
afforded by the frozen twigs and limbs is likely to suffice against sunburn, 
without whitewashing. 

Fertilizing and irrigating frozen trees. — Often, when trees have been 
injured by freezing, fertilization and irrigation have been increased to hasten 
their recovery. Observations made after every major freeze have indicated 
that this is an error, since the trees with reduced foliage are not in a condi- 
tion to utilize the excess applications, which may actuallj' be harmful. Appar- 
ently, fertilizer applications to frost-injured citrus trees should be reduced 
so as to correspond with the reduction in total leaf area, and then be gradu- 
ally increased to normal as the tops increase in size. The same rule ai>plies to 
irrigation. Most growers overirrigate frost-injured trees, and thus cause 
damage to the feeder-root s.vstems. This applies to all soils, but the risk is 
greater in orchards on the soils most retentive of moisture. 

SUMMARY OP PRUNING TREATMENTS 

The results of all plot tests on the recovery of frozen trees in California 
indicate: (1) that no dead wood should be removed, nor live wood pruned, 
until the second spring or summer after the freeze, but that, among the new 
sprouts developed, leaders to form the new top should be selected by mid- 
summer of the first year and the other new-growth branches should be disbud- 
ded ; (2) that, the second season, most of the dead wood should be removed and 
the secondary growth thinned, particularly to leave space for the leaders, some 
of their laterals being disbudded to effect proper spacing ; and (3) that, the 
third year, any remaining dead wood should be removed and the new growth 
thinned to effect a good distribution of fruit-bearing wood. Frequent follow-- 
up attention of this kind makes heavy pruning unnecessary at any time, and 
restores maximum production at the earliest possible date. 
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African sour orange, as stock for : 
Owari Satsumu, 100, 148. 105; 
Valencia, 165; Washington 
Navel, 191; Marsh grapefruit, 
204, 209 

Air drainage, 226, 853—855 
Albinism, 9 

Almgn test, 150, 151, 152 
Ants: protect soft brown scale, 
619, 724; relation to biological 
control, 621—622 ; Argentine 
ant, 622, 724, 767—768, and 
poison bait, 622 and n. 1, 768 ; 
fire, 765—766, and little fire, 
766-767; leaf-cutting, 767; 
^turmicarUi bronnea, 767 ; 
gray, 768—769; cultured citrus, 
760 

Aphids: ti'ansmission of tristexu 
by black citrus, 585 n. 1 ; fungi, 
648-649 ; in coastal climate, 
669; five species, 735; injury, 
735—737; green citrus, 737; 
melon or cotton, 737; control, 
737-738 

.4rfninorm mellea (oak-root fun- 
gus), 251, 561-563 
Auxins, in rooting cuttings, 59— 
60 

Biioteriii: decomposition of or- 
ganic matter In neutral and 
alkali soils. 339-334; numbers, 
627 n. 1; bacterial parasites 
of mealybug, 653, of red scale, 
654-655 

Rarfio sweet orange, Laranja, 09, 
161 

Bark: magnesium content, 92; 
calcium content, 92; split, after 
frost injury, 896, 900-901. 
906, 908, and removal, 915. 
Sefi also Diseases of trunk, 
main branches, and roots 
Bearss lime: experiments on dif- 
ferent stocks, 90 ; not congenial 
with sour orange, 219; sweet 
orange stock for, 219 ; planting 
distance, 272 

Beetles, 748-751; Fuller’s rose 
beetle, 748-749; citrus snout 
beetle, 749—750 ; citrus root 
weevil, 750; dicky rice weevil. 
760 ; ux>ple root weevil, 7.50 : 
weevil found in Malaya, 750— 
751 ; cucumber beetle, 751 ; 
citrus trunk borer, 7G3; Cali- 
fornia Prionus, 763; lime-tree 
borer, 763 ; citrus bark liurcr, 
763-764; black and red leaf 
miner, 764 

Bench root (“gooseneck”), 7-8, 
38, 147 

Bergamot orange, 59 
Bessie orange, 113, 148, 175 
Bigarade. iSice Sour orange 
Biological control of insect pests: 
defined, 397; population den- 
sity of species, 597; biotic 


potential, 597, 626 ; environ- 
mentai resisltuiee, 597-598. 
028 ; utilization of natural con- 
trol agencies, 598—599 ; propa- 
gation and distribution of 
enemies, 599; historical view, 
601, 665; cost, 602; important 
pestH and control by eiito- 
mophagus parasites, 602-622; 
scale insects vulnerable to. 
602-609, 616—620; mealybugs 
and mass production of pnra- 
Mtes, 609-616; of files, 020- 
621 ; ants in relation to, 
621—622; entomogenous para- 
sites and, 627—656: conditions 
influencing effectiveness of fun- 
gus parasitism, 620—630 ; sat- 
uration point, 630; artificial 
use, 630—631; fungi of white 
Hies, 631—638, of scale insects, 
6.3H— 647, of mealybugs, 647— 
648, of aphids, 648—649, of 
mites, 649—650. miseellitneous 
fungi. 650—652; Imcterial para- 
sites of mealybugs, 653, of red 
scale, 654—655 

Biotic poteiifinl. 597. 628 

Black scale (5Vii.wc//ff ; dis- 

tribution. 599, 669. 717—718; 
predators and parasites, 606- 
009; downward trend, 608- 
609. 669, 717: injury, 71H; 
life history, 718-719; control 
by fumigation or spraying, 
719-721. 779 

Bollworm, 747 

Boron: stionic variation in in- 
take and content, 93; lemon 
sensitive to. 93 ; leaves indica- 
tive of content, 93; rootstock 
controlling influence, 93; Sev- 
prhihi buxifolm tolerant of, 93, 
137, and Eremorritvs ffUitfva, 
137; toxicity in low concentni- 
(ions, 240, 248, 32V, 356. 402 ; 
es.sential element, 323; soil de- 
ficiency ill Africa, 328, 329, 
3.56; spraying with, ;-J29 ; gum- 
ming from deficiency of, 520 

Bruziliiin sour orange, a.s stock 
for: Owari Satsuma, 108, 148, 
195, Valencia. 185, Washing- 
ton Navel, 191; aize of seed- 
liug.s, 113 

"Bronzing,” magnesium defi- 
ciency, 355 

Budding: proimgiition by, 1; size 
of suedlingK for, 10, 13; "dor- 
mant,” 13; pruning seecllinga 
for, 3H— 14; selected budwood, 
14-17, 22; tools. 18; height, 
18-19, and position, 29, 277; 
to furestttli guminosis, IP, .556; 
two methods of inserting, 19— 
2U, 21, 22; wrapping, 19, 20, 
21, 22, 23, 62; unwrapping, 
23, 63 ; protection from fro.st, 
23-24; healing-on process, 24— 
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28; Mendel’s findings, 25-28 
jWiutiM ; cullufi, 25—27, 28; 

cambium, 27, 28; bark bud- 
shields and wood core, 27—28; 
advantages of, 57 ; scions and 
stocks of same species, 73; 
growth reactions at bud union, 
73—80. See also Budlings; Bud- 
wood ; Congeniality ; Healing- 
on process ; Top-working 

Budlings: forcing, 28—31. by top- 
ping. 29, 80, 31, or lopping, 
29—30, 31; staking, 31; head- 
ing, 32, 34 ; size and age, 32— 
33; digging, S3, 36—39; bulling, 
33, 36, 38. 276. 280; bare root, 
33, 38, 279-280, 281 ; pruning. 
34-35, 276, 279, 428; defolia- 
tion, 34—35; "whipstnlk,” 35, 
280; sizes and grades, 39-40; 
size of seedlings and size of, 
139-140; correlation between 
Kizo and tree size, 143—144, and 
orchard yield. 144 ; seieetion, 
144-14.5, 147; planting, 277- 
279, and care of, 281 ff. See 
uImo Orehard planting 

Budwooil: from selected trees, 
14—15 ; (liRciises transmitted 
through, 15; type chosen, 1.5- 
17. 22; Hulmn’s experiments, 
17, ICO; dormant cutting. 17; 
Rtornge, 3 7-18; wood (tores, 
27-29 ; for top-working, 62—65 

Bugs, plant, 780-741 ; bronze 
orange, 730 ; larger horned cit- 
rus, 739-740 : citrus stink bug, 
740; leaf-footed. 740; pumpkin 
or Bouthorn green stink bug, 
740; western leaf-footed, 740— 
741 ; false chincli, 741 

Buttpvrty larvae, leu^eating, 747— 
748 

t.'ithuyao (Kabuyao), 117 

Culiimondin: sitccessful stock in 
Phillp]>incR, 2, 117; cold- 

resistant, 133; uses, 133; tap- 
roots, 133; Owari Hatsuma on, 
198 

Onleiiini; soil reaction, 238—239; 
lime, 238-239, 347; leaching, 
23H, 326, 346; dolomite, 238, 
349, 356 ; substratum limestone 
unadapted for citrus, 239; es- 
sential element, 323, 347; 

abundance in arid regions, 325, 
348; in leaf ash, 347; indis- 
ci-imiiiatc liming, 347—349 pn^r- 
Him, and zinc and copper 
defii’iency, 347, 362; chlorosis 
and, 348, 469; conversion into 
gypsum, 348—349 ; materials, 
.'M9 

California experiments, 174 ff., 
and itnsHim 

Capital investment; top-working 
old orehard, 161; cost of irri- 
gation development, 248, 25U; 
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rnpitsil investmMit {continued): 
wnter costs. 248-249, 250, 463, 
470; cost of land, 249, and 
preparation, 249-250; equip- 
ment, 250-251; taxes, 251; 
cost of trees, 251. See also Cost 
of production 

Carrizo citrnnge: seeds, 127, 131 ; 
nursery characters, 131; as 
rootstock, 131—132 
Chinn lemon: overgrowth of stock 
budded to sweet orange or 
lemon, 79, 123; nursery char- 
neterfe, 104*, unsatisfactory 
stock, 104: possible hybrid, 
123. See also Citron 
Chlorosis: “lime-induced,” 348, 
469; “marl" from manganese 
deficiency, 363; malnutrition, 
549; zonatc, 581 
Citrange (trifoliate orange X 
sweet orange): cuttings, 53; 
seeds, 127 ; nucellav embryony, 
127, 146, 147; scedlhigs, 127, 
i;68; nursery characters, 127: 
cold resistance. 127 ; disease re- 
sistance 1, 127; viirieties, 128- 
132; selection. 147; as stock 
for Ownri Satsumii, 196—197. 
See also Carrizo, Coleman, Cun* 
iiinghum, Horton, Rusk, Sav- 
age citrongtis 
Citrangequat, 131 
Citreae, 70 

Citron {Citrus Medica) : cuttings. 
53, 53. 59, 123, 220 ; historical 
view, 123; as stock for manda- 
rin, 123 ; incompatibility with 
sweet orange and grapefruit, 
123; susceptible to cold, 172, 
224, 694, 895 ; rootstocks for, 
220 ; disease resistance, 220 ; 
pruning, 415, 416; habit of 
growth, 41(3. See also China 
lemon 

Citrus scab, 529—533; sour 
orange or verrucosis, 529—532 ; 
Tryon’s or Australian citrus 
scab, 532; sweet orange fruit. 
532 ; control, 532— 533. See also 
Verrucosis 

Citrus Wehherii, 133, 198 
Clementine mandarin, 198 ; Marsh 
grapefruit on, 204; disease re- 
sistance, 209 

Cleopatra mandarin (Ponki) : 
cuttings, 59; slow growth, 84, 
113, 114; semidwarfing, 84; 
frost-resistant, 95 ; size of fruit, 
95; nursery characters, 104, 
113; drought-resistant, 113; 
fruit quality, 113; adaptability 
to soils, 113; size of seedlings, 
113 ; disease resistance, 113, 
204, 209; dense top, 114; 
yield, 114; satisfactory stock 
for lemons, 114, for Eureka, 
218; comparison with Dancy, 
148; yield of Owari Satsumu 
on, 196, 197; ns stock for tan- 
gerines, 199 ; Harsh grapefruit 
pn, 204 f., 209 


Climate, 223 ff. ; freezes, 223- 
225; vertical temperature gra- 
dient, 225; air drainage, 226. 
290, 853—855; thermal belts, 
226; wind, 228 ; regulating 

influence of large bodies of 
water, 228; high tempera- 
tures, 231—232; mean tempera- 
tures, 231; relative humidity, 
232; rainfall, 232—233; and 
water requirements, 247 ; and 
habit of growth, 417; effect on 
insect pests, 597, 815-816; 
rapid changes and fungus di«i- 
ease, 630; climatic barrier to 
peats and diseases. 814 
Clones, 224, 233, 895 
Cold resistance: effect of stock 
and scion on, 94-95, 172: 
Ow'ari Sutsuma expeiuments, 
94—95 ; of various species anti 
varieties, 224, 894-695; influ- 
enced by degree of dormancy, 
224-225, 891-892, 895; effect 
of sail fertility, 355. See aha 
Frost injury 

Coleman citrange: incompatible 
with Satsumn, 108—109, 130, 
197; susceptible to guinmosis. 
127, 130; short-lived, 130; 
unsatisfactory stock, 130 ; seed- 
lings. 130, 136; Washington 
Navel failure on, 191 
Collar rot: Washington Navel siiR* 
ceptible, 104; on sweet orange 
stocks in Africa. 119 
Colorimetric diemical reactions 
of stocks, 150—152 
Congeniality between scion and 
stock : in top-working trees, 61 ; 
based on genetic relationship, 
69, 70, 73, 148; bud union 
indicative of, 73 ff., 105; with 
Hough lemon stock. 118 ; in 
strain and species, 148; inter- 
stocks lo improve, 154—157; 
in choosing rootstock, 171 
Conner grapefruit, 59 
Contour planting: on slight grade, 
241, 239, 260, 262; to avoid 
erosion, 241, 262 ; disadvan- 
tages, 262; throe meUiode, 262; 
irrigation, 262-263; cultiva- 
tion, 263, 264; terraces, 263— 
264; drainage by irrigation 
furrow's, 264, by underground 
conduits, 26^255 
Cooperatives: marketing organiza- 
tions, 252, 886 ; pest control by, 
252, 732, 770, 773; oil storage, 
870; financing of, 880 
Copper dcdciency, 239, 325, 328, 
520; spraying for, 323, 329; 
“dieback” or exanthema, 360, 
535 ; soil applications for, 
360; symptoms, 360-362; cold 
siiseeptibility and, 362 ; cause, 
362; treatment, 362-363; to.\- 
icity of copper sprays, 509 n. 
1 ; sprays for Botrytis rot, 512 ; 
bordeauz injury, SSI— 552 
Corsican citron, 100 


Cost of production: heating, 230, 
881—668; irrigation water, 
248-249, 463. and labor, 463; 
cultivation, 319—320; fertilizer 
largest single item, 325, 873— 
874, 376; farmyard manure, 
340—341, 374; relation of 

orchard-management costs to 
size of tree, 413 ; pruning, 415 ; 
insect-pest control, 602, 673, 
825; frost protection, 880-883 

Cottony cushion scale {Icerj/a 
purchasi) , 601 ; historical view, 
602—603, 665, 726; control by 
parasitic fly, 603, 604-605, 
668, Vedalia, 603-604, 665, 
726—727; plant quarantine, 
666; injury, 727; life history, 
727 

Cover crops : to improve soil struc- 
ture, 307, 384, 387, 389; 

preparation of soil for, 307; 
incorporation of, 307, 383, 387, 
390, 403-404. 407; soil tilth 
and, 310; index of fertility, 
326; source of organic matter, 
335. 384, 387-389, 390, 396; 
indicative of phosphorus, B43: 
“green manure,” 383, 384, 

390 ; to prevent erosion, 383. 
384, 387; historical view, 383; 
season for, 383-384, 401, 403- 
404, 407; saving in operation 
costs, 384 ; to remove excessive 
soil moisture, 885. 887, 895: 
decomposition, 385—887, 407; 
Rubidoux experiments, 38B, 
800-B91; legumes and nitro- 
gen fixation, 389-390, 396; 
California field trials, 390 ff. ; 
or clean culture, 891, 394, 895 ; 
plus nitrogen concentrates, 392- 
393; plus manure, 895; eco- 
nomic value, 895-396; choice 
of, 396 ff. ; tonnage produced, 
S06; legumes or nonlegumcs, 
397, 399, 401, 403; seedage, 
405; sowing, 405—406; mois- 
ture requirements, 406, 469; 
and frost damage, 407, 851; 
discontinued where cottony rot 
prevalent, 512; efficiency of 
aphis fungus and, 630; cut- 
worm migrations from, 747 

Crotalaria, 350, 386, 388-389. 
401 

Cuban lemon (Cuban shaddock), 
120 

Cultivation or tillage: of seedbed, 
8; of clay soils, 237; historical 
view, 301 ; to control weed com- 
petition, 302, 303 f., 304-306, 
320 ; to maintain soil tilth, 303, 
310; dust mulch, 303-304, 
312, 313; to prepare soil for 
water, 306, 311; to incorpo- 
rate fertilizer, 306—307; aera- 
tion, 307, 309, 313; harmful 
effects, 307, 308—313; useful 
effects, 308; plow sole, 310- 
311 ; effects of traffic, 310, 313— 
314; California and Arizona 
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pructiceR, 314, 317; in Fioriila, 
317—318; noncultivntion, 317, 
318, 469; power for, 318—319; 
coats, 319—320; clean culture, 
394, 39S; for cover crop. 406; 
relation to frost injury, 894 
Cunningham citrange: seeds, 127, 
131;gummosiB resistance, 131 ; 
seedlings, 138; as stock for: 
Valencia, 182,- 185, Washing- 
ton Navel, 189, 191, Ownri 
Satsuma, 197, Marsh grape- 
fruit, 200, 204; dwarfing ten- 
dencies, 189, 191, 197; zinc 
deficiency, 191 

Cuttings: propagation by, 1, 53- 
GO; of citrus, 49, 53, 56, 59, 
220; case in rooting, 53, 55; 
methods, 53—54; healing and 
rooting processes. 55 ; suhorizn- 
tion, 55-56; advantages and 
disadvantages, 56—57; nurse- 
grafted Y method, 57-58; hor- 
mones or auxins, 59—60 
Cutworms: fungus on, 651; mi- 
gration from cover crop, 747; 
ci*j'olite dust for, 747 

Damping-off: fungi in seedbeds, 
4, 5. 8, 313; favorable condi- 
tions, 8 ; control methods, 8-9 ; 
Rhitoctonia sfilani, 8-9, 513 
Dancy mandarin; layering, 51; 
influence of rootstock on sugar- 
acid content, 91; comparison 
with Cleopatra, 148 ; on Rough 
lemon, 199; grapefruit on, 
206; susceptible to gummosis, 
206 

Davao lemon, 104 
DDT: danger to Tednlia, 604, 
787; in control of thrips, 691— 
693, 696, 786, 787; red scule 
and. 706-707, 784; purple 

scale, 714, 784, 786; black 
scale, 721, 784, 786; citricola 
scale, 723-724. 786-787; 

chinch bug, 741; ants, 768, 
769; oil sprays plus, 783—784 
Diamante citron, 100 
Diseases : no transmission through 
seed, 3, 15 ; in seedbeds, 4, 8— 
9; virus, transmitted through 
tissue ti'ansplantations, 15, 28; 
Btionic influence on susceptibil- 
ity to, 96—103; resistance to, 
important in selection, 172; 
agencies producing, 495 ; con- 
siderations in prevention of, 
495; prevention of diseases 
caused by parasitic organisms, 
495-496, 597 ff. 

Diseases of fruit, 496 if. 
fruit rots, 496—517 

Alternaria rot, black rot, 
center rot, 513—514 
Anthracnose rot, 514 
blue contact mold, 505, 507, 
521 

Botrytia rot or “groy mold," 
512 

brown rot, 508-511 


cottony rot, 511—512 
Diplodia and Dolhiorellii 
rots, 515-516 

green mold, common, 496, 
505 f., 521 

inspissosU or dry rot, 516 
Phoinopsis stem-end rot, 
514-515 

Trichoderma rot, 513 
internal breakdown, 517-520 
EndoKerosis or internal de- 
cline. 517 

excessive fruit drop or car- 
poptosis, 518—520 
fruit gumming, 520 
granulation or selerocystosis, 
520 

membranous stain or mem- 
branosis, 518 
fitylar-end rot. 518 
spots and markings on fruit, 
520-536 

Altomaria spot, 525 
Anthracnose spots, 524-525 
albedo browning, 521 
bacterial spot of South 
Africa, 524 

black pit. 522-524, 546 
black spot, 527 
cancTOSts B or false canker, 
529 

citrus canker or cancrosis A, 
527-529 

citrus scab. 529-583 
Cytosporina spot, 525 
exanthema or Florida dic- 
baek, 535-536 
melanose. 533 

oleocellosis or rlnd-oi) sitou 
525-526 
peteca, 521 

red blotch or adnstiosis, 521 
rind breakdown, 522 
septorla spots, 583, 585 
smoky (sooty) blotch and fly- 
speck fungus, 536 and u. I 
storage spot or imx, 521—522 
Valencia rind spot, 522 
woter spot, 526—527 
Diseases of leaves, twigs, and 
branches 

abnormalities and general ef- 
fects, 549-553 
bordeaux injury, 551—552 
citrus blight, 651 
decline and collapse of citrus 
trees, 550—551 
sphaeropsis knot, 549 
eruptive and pustular diseases, 
537 

greasy spot, 537 
gum spots, 537 
necrotic diseases, 539—549 
anthracnose, withertip, und 
blos.som blight. 540-542 
areolate spot or "manchu 
areolada," 544 
Asochyta diseaBes, 548-549 
bacterial leaf spot of sour 
orange, 546-547 
bud-shoot wilt, 549 
citrus blast, 546 


corticum blight, 544 
Diplodia twig blight, 547 
fusarium twig disease, 548 
mal secco, 539—540 
mesophyll collapse, 542-543 
pink disease, 547 
Sclerotinia and Botrytia twig 
blight, 548 

thread blight, 644, 646 
superficial coatings and pus- 
tules, 537-539 
alga spot, 539 
felt, 538 
lichens, 538 
powdery mildew, 538 
sooty mold, 537—538 
Diseases of trunk, main branches, 
and roots, 553-567 
bark diseases, 558-561 

bark rot of sour orange root- 
stock, 560 

dry baric (aiccortosis) of 
lemon, 559-560 
exocortis, 500 

Rio Grande wood necrosis, 

560- 561 

shell bark or decorticosis, 
558-559 

gum formation, 553-558 and 
n. 1 

Botrytis gummosis, 558 
brown-rot gummosis or foot 
rot, 554-557 

Diplodia gummosis, 557-568 
Diplodia-Phomopsis gummo- 
sis, 557 

Dothiorella gummosis, 557- 
558 

root rots and injuries, 561-566 
Armillaria root rot (fungus 
root rot, oak-root fungus), 

561- 563 

Clitocybe root rot, 563—664 
cotton root rot, 565 
diy root rot, 564 
hard root rot, 565-566 
nematode injury, citrus, 
566—567 

llosellinia root disease, 564— 
565 

Diseases, virus or virus-like: 
transmission, 15, 28, 158 
bark rot, 577 

branch blight of grapefruit, 

576 

chrj'sosis, 581—582 
collapse of lemon trees, 588 
concentric ring blotch, 580 
convex gum, 576 
corky bark, 574-675 
crotch disease of tangerines,' 
576-577 
cyclosis, 581 

Florida gummosis, 575—676. 
knobby bark, 575 
leprosis ("Florida scaly bark," 
"nailhead rust"), 578-580 
little-leaf disease of Palestine, 
582 

ombrosis, 581 

ornnge-ti'cc quick decline, 5B5— 
586 
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T^ipeases irovthiufd) ; 

Potri's infectious mottling:, 574 
psorosis or scaly bark, 567—574 
ring spot of limes, 580-581 
stubborn disease, 582—583 
Trabut’s infectious chktrosis, 
574 

tristeza, 584—585 and n. 1 
wood pocket, or ligno-eortoais, 
of lemon, 586 
xyloporoais, 577—578 
zonute chlorosis, or “ehlovose 
zonadti," 581 

Dormancy: periods of trifoliate 
orange, 70. 88, 95, 124, 125; 
influence on susceptibility to 
freezing, 95, 224—225, 891, 
894, 805; no planting before. 
280—281; degree of control, 
891-892 

Drainage, 234-235 ; surface. 264 ; 
in contour planting, 264; by 
irrigation furrows, 264; by 
underground conduits, 264- 
265; subsurface, 265—266; 
planting on ridges for, 266— 
367; Kubsoiliiig and blasting 
for, 267, 269; danger of pot- 
holes, 269. Seti ftho Irrigation 
Drying, resistance to: seeds lack. 
2; sour orange, 104, 106; 
Rough lemon. 106, 108, 118; 
limes, 120-121 ; EremocUrui/ 
and MicrocHnis, 187 
Du Roi orange, 51, 126 f., 693 
Duncan grapefruit, 96, 109, 115- 
116, 126, 175, 193, 206 
Dusting: equipment, 667, 793- 
794; DN-Dust, 683, 746, 784, 
793; spray, 794—796; by air- 
craft, 796; aerosols, 796 
Dwarfing: by trifoliate stock, 78— 
79. 83, 87, 91. 124, 125, 126, 
i;i2, 1H2, 196-199 prt*sim; 

definite place for, 84; use in 
China, 84; and early fruiting. 
87 ; and early ripening, 88 ; use 
of Otnheitc orange for, 135; in 
trees from vnrinnts, 142, 145 ; 
planting, 174; of navel trees 
by Cunningham citrange stock, 
189, 191 

Egyptian lime, 120—121 
Entoniogenous insects. See Tnsect- 
pest control 

li^ntomophiigous insects. See In- 
.sect.- pest control 

Environmental resistance to insect 
pests, factors of: food supply, 
597, 814; climatic conditiona, 
597-598,814—816 pammyhost 
resistance, 597, 814-816 pae- 
eim; diseases, 598, 815 ; preda- 
tory and parasitic enemies, 598 
f., 628 ; utilization of, 598, 599 ; 
insect’s resistance to infection, 
628; barriers, 813 if. See aleo 
Quarantine 

EremocitruH glauca: e.xperinieiits 
ns rootstock, 72, 135; and 
dwarfing, 72, 135, 137; slow 


growth. 135, 136; s])ecial tech- 
niques for, 136; drought-resist- 
ant, 137; tolerance for boron. 
137; hybrid seedlings. 137 

Erosion: planting on contour or 
terraces to prevent, 241, 260, 
262; cover crops to prevent, 
383, 384. 387 

Eureka lemon: experiments on 
Severinia. and Eremoeitrue 
stocks, 72 ; stionie reactions on 
sweet orange stock, 74, on sour 
orange, 74, 75—76, 83, on 

grapefruit, 78, 83; root system, 
87, 106; early ripening on tri- 
foliate, 88 ; budlings susceptible 
to cold, 95 ; best stocks for, 14B. 
210 fT. ; colorimetric reactions, 
152 ; experiments in inarching, 
159—160; lemon-tree decline. 
210—212 ptutsim, 218; size of 
trees and yield on various 
rootKtockR, 215—218; planting 
distance, 272 ; shell-bark sus- 
ceptibility, 559 ; and dry hark, 
559 

Pcrtilizei‘8: for seedbeds, 4, 9; for 
nursery, 12 ; adapted to local 
conditions, 238; for young 
trees, 284; essential dements 
for plant growth, 328; spray- 
ing with, 323, 329 ; “complete,” 
324; nutritional requirements. 
324-325, 327, 328; base ex- 
change and, 328, 329, 836. 337. 
344, 348 ; minor dements, 828- 
;129, 356 fF. ; organic materials, 
329-336, 384, 387-389; de- 
composition, 329 if., 385-387 ; 
carbon : nitrogen ratio, 330- 
332, 336; farmyard manure, 
332-335, 373. and nitrification, 
333; inorganic materials: ni- 
trogen, 336, 341, phosphorus, 
341—344, potassium, 344-347, 
calcium, 347—349, sulfur, 349— 
3.50, magnesium, 350, 355-356, 
zinc, 35<>— 360, copper, 360— 
363, manganese, 363—365; ef- 
fect on fruit quality, 367-368; 
effect on fruit size, 369 ; season 
for applications, 370—372, and 
methods, 372—373; concen- 
trates, 372—373; mulches, 373 ; 
costs, 373—874, 376; amounts, 
374—376; mixed-fertilizer for- 
mula, 376; for frozen trees, 
917. See aUo Cover crops 
Flies, 232; predotors and para- 
sites of, 620-621; injury by 
and control of white flies : 620- 
621, 731-734; citrus white, 
620, 731-732, 814, citrus 

black, 620, 732, 734, spiny, 
620—621, 734, cloudy-w'inged 
white, 732, Marlatt white, 734 ; 
fruit flies: MediterraneHn, 621, 
755-757, 814, 815, 819, and 
eradication, 821—823, Mexican, 
757—758, 819, South American, 
759, Natal, 759, Queensland, 


759, Japanese orange, 760, 
Formosan, 760 
Foot rot. See Gummosis 
Frost injury: injurious tempera- 
tures, 224, 852, 853, 857-860; 
freezing point of mature fruit, 
225, 857—861 pMnim, of blos- 
soms and young fruit, 225, 
857; nutritional deficiencies 
and, 225, 355, 362, 366, 657, 
892 ; protection against, by 
wrapT)ing, 282-284. 865, by 
mounding, 264, 865. 699 ; cover 
crops and, 407, 851; •pruning 
after, 437-438, 801, 898, 899, 
901-904, 905-917; fall and 
winter pruning and susceptibil- 
ity to, 440-441. 891, 692; in- 
creases susceptibility to Botrytis 
rot, 512; loss of heat by radia- 
tion, 847—849 ; influence of soil 
and vegetation on temperatures, 
849. 851 : dew point, 852—853 ; 
air drainage and frost hazard, 
853-855 ; when to expert, 855- 
857; injury to trees, 861; 
smoke screens to. prevent, 664- 
865, orchard heating, 865 fF. : 
spraying as protection, 878; 
irrigation and, 878. 893; im- 
portance of, 884—886; fre- 
quency of, 889—890 ; symptoms, 
890-891; tree condition and 
degree of: dormancy. 891— 6D2, 
fertilization, 891, 892-893, cul- 
tivation, 891, 894, tree vigor. 
892; influence of shade trees 
on, 894; susceptibility of vari- 
ous species, 894—895; efFect of 
rootstocks and interstocks on, 
895; notable freezes of 1894- 
95 in Florida, 896—890, of 
1913 in California, 809—904, of 
1922. 904-905, of 1937, 906- 
913. See aJ^o Gold resistance; 
Heat transfer ; Orchard heaters 
Fruit, effect of rootstock on : early 
fruiting, 87 ; ripening, 88, 231 ; 
size, shape, and grade, 88—90 ; 
quality, 90—92; sugar-acid con- 
tent, 90—91, and vitamin con- 
tent, 91—92; abscission, 95-96; 
optimum fruitfulness, 420 
Fruit quality: mean temperatures 
and, 231 ; magnesium and, 355 ; 
external characteristics, 366; 
eating quality, 366; soil char- 
acter and, 366; fertilizers and, 
367—368; of grapefruit and 
zinc deficiency, 368; of "in- 
side” fruit, 413; effects of 
pruning, 425; and pest control, 
665. See also Fruit, efFect of 
rootstock on 

Fruit rots, 496, 505—317; three 
types, 496; preventing injuries, 
507; washing fruit, 507, 508, 
511; miscellaneous, 516. See 
aiao Diseases of fruits 
Fruit size: mottle-leaf and, 368— 
369; effect of nitrogenous fer- 
tilizers on, 369 ; soil moisture 
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and, 369, 485; volume of crop 
and, 869; age of trees, 369; 
(ieasona] variation, 369—370; 
effect of pruning, 425. See also 
Fruit, effect of rootstock on 

Fruit-tree leaf roller. 747 

Fumigation: of fruit, in packing 
house, 507, 508 n.l; of oranges 
in precooler, 507 ; of packing 
liouses, 508 ; for brou*n rot, 
5()9— nil ; equipment, 

666, 772-773; HCN, 702, 771, 
776—777 and n. 1, 780; “pot 
system,” 771; “machine gen- 
eration," 771; with calcium 
cyanide dust. 771; California 
procedure, 773—778; tempera- 
ture range for, 775; cost, 778; 
precautions uguiiist injury, 
778—779; vac.uuni, of nursery 
stock, 780, 

Fungi, parasitic: gradation of 
purasitiRni, 626 ; four entegories. 
628—620; parasites propagat- 
ing on live insects, 628 ; para- 
sitic dui'iiig ]iart of existence, 
628 ; WRuk, dependent on weak- 
ened condition of insect, (i29 : 
symbiotic, partly parasitic, 620 ; 
Ha])rophytes on dead insects, 
629 ; conditions influencing ef- 
fectiveness, 029-680 ; “unex- 
plained mortality," 629. 633; 
natural distribution, 629; “sal- 
urution point," 029, 030 : urtl- 
fi(?ial distribution, 629-031, by 
increased moisture or intev- 
crops. 030, by changed nutri- 
tional conditions of host plant, 
630, 631; “spore load." 630; 
entomogenous fungi of citrus 
white flics. 031-638; of scale 
insects, 6518—047, mealybug 
fungi, 647—048. aphid fungi, 
648—649, of mites, 649— <160, 
niisuellaiienus, 0.50-652: iiuni- 
liors, 65.5 ; life history, 655. Ser 
also Damping-off; Diseases 

C4ulgnl nitron, 80, 85 

Genetics : congeniality between 
scion and stock bused on, re- 
lationship, 66, 70, 73, 148; 
variations, 140, 142; degree of 
hardiness, 895 

Girdling: inarching to save gir- 
dled trees, 44—45 ; Tcac.tinns to, 
77; uccnmulation of curbohy- 
driites, 77; disappearance of 
starch, 586 

“Gooseneck" (bench root), 7-8, 
38. 147 

Grafting : propagation by, 1 ; dor- 
mant, 40 ; scions, 40 ; cleft, 40— 
41, 898; tongue or whip, 41 ; 
twig, 41 ; root, 42 : berk or 
crown, 42—43, 898— .899 ; sprig, 
43-44, 898; inarch, 44—48; 
bridge, 45-46.; in top-working, 
64—65; historical view, 69. See 
also Inarching 

Granulation, 119, 125, 520 


Grapefruit (CUnis paradisi): 
seed. 1, 4, 114; seedlings, 14, 
57, 114. and roguing, 57; cut- 
tings, 54, 55, 59; stionic re- 
actions. 78, 79 ; mottle-leaf and 
influence on scions. 97, 114- 
115; nursery characters, 114; 
7iucenaT embryos and variant 
seedlingR. 114. 146, and selec- 
tion, 1-16; TMiHtunce to cold, 
114, 116, 224, 894; gummosis, 

114, 208—209, 556; root sys- 
tem, 11.5; adaptability to soils, 

115, 116, 182; fruit, 115; fer- 
tilization, 115; size of trees. 
115—116; as rootstock, 115— 
116; as interstock, 158; ns 
stock for: Valencias. 177, 182. 
Washington Navel. 191. Marsh 
grapefruit, 206, Eureka lemon. 

21.5, 216. 21B. Lisbon lemon. 
216, 217, 218, limes, 218, 219; 
on Fiough lemon. 204; lemon- 
free decline, 21.1. 218; hctif re- 
quirement. 231 ; tolerant to salt, 
247, to boron, 248; planting 
distance, 272; fmit from trees 
with low nitrogen content, 367- 
368; fruit quality improved by 
potash-phosphate fertilizer plus 
nuiuiire, 368; niiigiiesMim defi- 
ciency and fruit quality. 368; 
zinc deficiency and quality. 
3f58; pruning of little benefit. 
415; thinning outer “shell,” 
432; time for pruning. 441; 
storage, 521 : Anthraeiiosc of, 

52.5, 542: hrnncli Might. 576. 
Seo also Duncan grapefruit; 
ISfarsli grapefruit 

(rVusshoppcTS, 742—743; ronlrol 
in Arizona. 797 

Green manure. Spt’ Cover crops 

Growth: different rale for every 
scion on every stock, 85—86 ; 
height of bead, 412, 413; hshii 
of, 416—420, 425; cycle. 416; 
rliniatic conditions, 410—417 ; 
vigor of upright shoots. 416— 
41 8, 42,5—426 ; “wntor simmts," 
418, 421. 434; carbohydrate- 
iiitrogon bnlnuco, 420 ; optimum 
fruitfulness, 426 ; vcgRtiitivc, 
420 ; top regenerntion after 
pruning, 424, 440 ; “sucker 
nests," 432; irrigation and rule 
of. 480—482. See also Pruning 

Guiiimosis: in seedbed, 9; infec- 
tion at soil surfacfi, 10, 46; 
sour orange resistant, 19, 45. 
104, 110, 169. 176. 19.5, 209, 
456, 556; Sampson tungelo re- 
Blatant, 19, 45, 132, .556; 
higher budding to forestall, 19 ; 
inai'ching for, 45; in Tibhets 
tree, 46; intcrstocks to avoid, 
72, 154—155; stionic influence 
on susceptibility to, 96, 104; 
kinds, 104; swccl orange sus- 
ceptible, 110, 119, 195, 268- 
209, .556; rcRistant mandarins, 
113, 200, 556; trifoliate orange 


resi.stance?, 124; heavy soils 
and, 15-1, 237. 2.51, 455, 456, 
458, 556; lOtli-century spread 
of, 169; prevalence, 208, 251; 
gTiipefriiit on different root- 
stocks and, 208-209; bnre-root 
treatment, 280 ; under wrap- 
pings, 262; gum fomintion, 
.5o3— 554 ; brown-rot, or foot rot, 
554-5.57; Diplodia, 557, and 
Dothiorellu, 557—558; Botrytis, 
558 ; control, 556—557 ; in Flor- 
ida, 575—576. See also Diseases 
of trunk, main branches, and 
roots 

Hall grapefruit, 95 

Kalma, F. F.: budding expevi- 
ments, 17; twig grafting, 41: 
root grafting, 42; cuttings, 53— 
.54. 56, 59 ; chemical changes 
as result of stionic infiuence, 
92; Eureka lemon taproots, 
106; Alnicn fesf, 151-152; in- 
arching Eurpku lemons, 159- 
160, 211 

Hamlin oriingc, 95, 1.31 

Hardison lemon, 120 

Healing-on process; Mendel's find- 
ings, 24-28 passim ; gum layers. 
24—25; citlluB (issue, 25-27; 
cell divisions, 2.5-26; cellular 
differentiation, 27; eambiuTii 
ring. 27, 28; scion's need for 
wiitiu*, 27 

Heating, orchard. See Orchard 
heaters 

Hinckley systiun ofnouciilfivutiun, 
318 

Homosnssa orange: cuttings, 59; 
on sour orange, 85; an trifoli- 
ate orangR, 126 ; ds stock for 
lemon scions, 148 ; yield of Va- 
lenciii on. 176, 182'; fruit sus- 
ceptible to injury, 779 

Hongkong kiimquiit, 59 

Hormones: nsr in rooting cut- 
tii)g.'<, .59-60; possible passage 
from one synibiont to another, 
71—72; "caliiicH," 72; influence 
on stionic runctioiisl, 72, 161 

Hybrids: hybridization and prop- 
agation, 70 f. ; Jivpansche Cit- 
roen 111, 120, 156; lemon, a 
pi'olmblo. 3 20; Rough lemon, 
120. 152; Cuban lemon, 120; 
China leiuon a poasible, 123; a^ 
rnotstockK, 131; yuzu orange, 
132; Yunm-mikan, 1.55; Ota- 
heitr: orange, 13.5; value in 
breeding j-xperiments, 337; 
.sei'dliiigs, 138 

Hydrocyanic, acid gns: futnigatloii 
for scale, 362, 702-704, 707. 
71*1, 719, 723; injury to cop- 
]>cr-sprayed trees, .362; injury 
to loiingiineRe-KprnyGd trees, 
365 , method}, of uw*. 771, 775 ; 
dosago, 776-777 and n. 1, 780 

Inarcliing; niotliod, 44-45; need. 
44 f. ; foi* gnminosis, 45; Tib- 
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InarcMn? (continued) : 

bets tree, 46-48 ; for xyloporo- 
sis, 99, 576; against tristeza, 
101, 584 n. 1, 585; ‘with dif- 
ferent stocks, 132, 133, 159; 
rejuvenation of unsatisfactory 
trees, 159-161 ; trifoliate unfit 
for, 159; failure of, in lemon- 
tree decline, 211; for hard root 
rot, 566; for girdling by go- 
phers, 834 

Insect pests: population density 
of species, 597; potential re- 
productive capacity, 597; dis- 
tribution and establishment, 
599, 666-669, 814, 815-816, 
821, 824; common and scien- 
tific names, 657-658, and habi- 
tat, 670—672 ; groui>& according 
to attack and control methods : 
juice-sucking group, 673—741 ; 
chewing group, 742-755 ; group 
feeding ■within fruit, 755-762; 
boring or mining group, 762— 
765; ants that interfere with 
henoficial insects, 765-769 ; 
California control methods, 769- 
797; control in Texas, 797- 
796 ; in Florida, 798, and Better 
Fruit Program, 799-801. Sfc 
aleo Ants; Flies; Scale insects 
Insecticides : equipment, 666-667, 
772-773, 788 ff. ; motorials: 
HCN, 771-772, 775; added to 
oil sprays, 788-784; other in- 
secticides, 765—788 ; used in 
Florida, 802. See also Dusting; 
Fumigation; Spraying 
Interdonato lemon, 540 
Interplnnting: with citrus, 269; 
objections to, 269 ; with other 
tree crop's, 270; -with quiche- 
maturing crops, 270, 283-284; 
limited to 3—5 yeors, 270 ; 
earlier liigher production per 
acre, 270 

Interstocks : in double-worked 
trees, 61, 152, 154 ; Italian 

experiments, 72 ; length of, 
154; reasons for: uncongenial 
unions, 154—157; to prevent 
diseases, 157, 540; to improve 
fruit quality and yield, 157; 
unsatisfactory, 157—168; suc- 
cessful combinations, 158; pos- 
sibility of virus infection 
through, 158 

Inulin, absorption by stion com- 
binations of Cichoraceae, 72-73 
Investment. See Capital invest- 
ment 

Iron: deficiency, 239, and lime- 
induced chlorosis, 239 ; essen- 
tial element, 323 

Irrigation: water requirements, 
231, 232, 233, 247, 406, 468- 
469, 470 ff. ; rainfall and, 233 ; 
in coarse soils, 235, 237; in 
clay soils, 237, 488; source of 
salt, 240 ; topography and, 241 ; 
adaptability of orchard, 243, 
246; water supply, 246-248, 


461—462, quantity, 247, 461— 
462, quality, 247—248, 462, 
costs, 248-249, 463, 470; in 
standard planting, 259—261; 
preparation of land, 260—261, 
306, 448; installation before 
planting, 260, 253 ; furrow, 

261, 458-461; basin and check 
method, 261, 456-468: sprin- 
kler systems, 261, 262 f., 453, 
461, 630 ; in contour planting, 

262, 263; of newly set trees, 
277—280 ; rapidity increased by 
applying organic material, 329, 
341, 384; accumulation of ni- 
trates in fttrrow, 336 ; ferti- 
lizers in furrows, 887—338, 
551, in basin, 338; anhydrous 
ammonia in water, 338; cal- 
cium in water, 348 ; magnesium 
in water, 356; mulehed-basin 
and -furrow, 373, 458 ; for 
cover crop, 406; historical 
view, 445; measurement, 445- 
447, hy units of volume, 446, 
by units of dow, 446, 447 ; con- 
crete pipe distributing systems, 
448—440; hydrants, 450—452; 
factors govemingmethods, 453 ; 
subin'igation, 453, 455 ; sur- 
face, 455 ff. ; border, 455—456; 
labor costs, 463 ; alternate, 468, 
488 : response of oitrua to, 468— 
477 ; “overirrigation,” 469 ; 
trnnspir&tional demands, 460- 
476 passim, 479, 482-488; 
efficiency, 472, 478; effect on 
root development, 477-479 ; ef- 
fect on June drop, 479-480; 
effect on wind injury, 480; 
effect on citrus growth, 480— 
482; effect on soil reaction, 
483—484 ; methods of timing 
for, 485-487, by wilt, 485, by 
fruit responses, 485, 486, hy 
leaf-water deficit, 465, 486, by 
soil sampling, 486—467; fumi- 
gation and, 779 ; and frost in- 
jury, 878, 893, 917. See also 
Soil moisture 

Italian lemon, 120 

Jaffa orange, 88, 126, 693 

Japanese Summer orange, 3 38, 
159 

Japansche Cl^oen (Japanese cit- 
ron) : identity, 101 n. 1 ; re- 
sistant to tristeza, 103, 121 ; as 
rootstock, 117, 120, 121-122; 
n hybrid!, 120, 156; seedlings, 
121—122, 139; as interstock, 
156 

Javanese pink shaddock, 116 

Joppa orange, 86, 131 

June drop, 230, 370. 371, 518- 
519 ; deficiency of nitrates, 338, 
370, 510; effect of irrigation 
on, 479-480; Washington No- 
vel susceptible, 479, 480 

Katydids, 743 

Kawano Waae, IBl 


King tangerine (King mandarin), 
126, 196 

Koethen sweet orange, 148 

Kumquat, stocks for, 125, 133, 
220 ; hardy, 694 

Larvae of moths and butterfiies, 
760-762 

Lath-house culture of seedlings, 
6 

Layering, propagation hy : in 
South Africa, 49, 50, 51, 56; 
method, 49—50 ; trees from, 60— 
51 ; value, 51, 52 ; ring method, 
51—52 ; mareottage, 52—53 

Leaf hopper: oleocellosis follow- 
ing injury from, 526; fiingi, 
649; potato, 649, 738-739 

Leaves: defoliation of budlings, 
34—35 ; palisade tissue, 55 ; con- 
dition in faulty union, 77; in- 
dicators of boron content, 93; 
and tristeza, 103; citrange and 
trifoliate orange, 128 ; in lemon- 
tree decline, 210 ; dense foliage, 
224; defoliation by “foehn" 
winds, 231, 284; in zinc or 
manganese deficiency, 363 ; car- 
bon assimilation, 420 ; frost in- 
jury, 861. See also Diseases of 
leaves, twigs, and branches 

Lemon (Citrus Limon) : cuttings, 
53, 54, 55, 56, 59 ; on sour 
orange in Italy, 72 ; root habits, 
87, 478 ; quality differences, 
89; on trifoliate orange, 89- 
90 ; sensitive to boron, 98, 248 ; 
lack of congeniality with sour 
orange, 105, 154; varieties, 
120 ; probable hybrid, 120 ; per- 
centage of nucellar embryos, 
120 ; disease susceptibility, 120 ; 
with interstoek of sweet orange 
or grapefruit, 154—155; sus- 
ceptible to cold, 172, 224, 894, 
895; unsatisfactory stock for 
Marsh grapefruit, 204; resist- 
ance to heat injury, 230 ; sus- 
ceptible to salt injury, 247 ; 
picking, 314, 720; benefit from 
pruning, 413, 415; height of 
head and picking costs, 413; 
brown-rot disease, 415; prun- 
ing: vigorofis growth of up- 
right shoots, 417,428,431-432, 
end picking size, 425, pruning 
upper branches, 431-432, thin- 
ning, 438, oversized trees, 434, 
time for pruning, 434; leaf 
surface, 481 ; responsive to 
moisture changes, 485 ; storage, 
521 ; Anthracnose of, 625 ; shell 
bark, 558-559; dry bark of, 
559—560; wood pocket, 686, 
588; collapse of lemon trees, 
588; citrus bud mite, 677; 
HCN injury, 703; fumigation, 
779; protection from freezing, 
859, 861, 881; continuous 

growers and fruiters, 895. See 
also Eureka lemon ; Lisbon 
lemon; Bough lemon 



Lemon-tree decline: relutirm of 
rootstocks to, 210-211, 212 — 
214; locution, 210; symptoms. 
210 ; historical view, 210—211 ; 
sour orange rootstock n factor, 
211, 212, 218; psorosls pos- 
sible factor, 211; sbell-bark dis- 
ease a factor, 211; survey fs, 
212; sweet orange partially 
resistant, 212; delay in har- 
vesting and, 213; fluctuations, 
212—213; on various stocks, 
213, 216; Sampson tangelo re- 
sistance, 218, 214, 218 
Lima da Persia, 00, 3 61 
Limes (Citrus auranlifoUn) : cut- 
tings, 55; seedlings, OG. ‘218; 
on sour orange, 108; sweet 
orange stock for, 112; acid, 
rosistiint to drying, 120—121 ; 
adaptability to soils, 121, 122 ; 
sweet, susceptible to xylnporosis 
and giimmosis, 122 ; sm*. of 
trees and fruit, 122; suscepti- 
ble to cold, 172, 224, 604. 305 ; 
rootstocks for, 218—219; sti- 
oni(! ruuntioiiR on sour oraiigo 
and trifuliatc, 210; hiibit of 
growth, 418; Anthracnose of, 
524, 540; ring spot, 580-581; 
continuous growers and fruit- 
ers, ^95. See aim Palestine 
sweet lime : llangpur lime 
Liming. See Calcium 
Ijisbon lemon: bud union on 
sweet orange stock, 74, on sour 
orange, 7G, 105 ; low percent- 
age of nucellur embryos, 120: 
various rootstocks for, 148, 210 
flf., 216 - 218 ; reactions in color- 
imetric teats, 152; Icnion-tTce 
decline, 210, 211, 218; size 
and yield on various rooistocki., 
216—218; degree of fro-st re- 
sistance, 224 ; planting dis- 
tance, 272; experiments in 
pruning, 421 ; shell bark, 559 : 
dry bark, 650; wood pocket, 
586, 588 

Little River grapefruit, 131 

HfcCarty grapefruit, 88. 05 
Hadam Yinous sweet orange, 148 
iMugnesium : stionic inducnce, 02 ; 
scion controlling influence, 93 ; 
essential element, 323, 350; in 
arid regions, 325 : deficiency, 
350, 355, 356, 368, and cold 
resistance, 365 ; and fruit qual- 
ity, 366, 368; in western irri- 
gation waters, 356; leaching 
losses, 356; dolomite, 356 
Mai di gemma (foot rot), 10, 121, 
124. See also Gummosis 
btal secco (Deuterophoma trachei- 
phila) : in Italy, 100, 105, and 
Sicily, 3 05, 170, 539; resist- 
ance of *'MonacheUo” lemon, 
100. and Interdonato, 540; 
sour orungo susceptible, 105, 
170, 539, 540; sweet orange 
resistant, 110, 539, 540 ; his- 
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torical view. 539 ; attacks, 539- 
540 

Malformation : copper defieioncy. 
360 ; abnormalities from fungi, 
549 ff. ; malnutrition, 549 
Malta sweet orange: gtionic re- 
actioiis on four stocks. 80-85 ; 
on Rough l^ion, 80, 82, 88— 
89 ; fruit, 88-89 
Maltese blood orange. 119, 121 
Mandarin orange {Citrus relicti- 
lata): seedlings, 14, 113; cut- 
tings, S3, 53 ; on Rough lemon, 
82, 199; as rootstock, 113. 
114; nueellar embryony. 113; 
frost-hardy, 113, 224, 894; re- 
sistant to gummosis and ver- 
rueo^ig, 113, 187, 556; slow 
growth, 113; size of trees, 11.3, 
187; variant seedlings and se- 
lection, 146 ; Ourari Sutsuma 
on, 190; rootstocks for, 1D9; 
relatively resistant to lemon- 
tree deeline, 213. 218 ; as slock 
for Eureka and Lisbon lemon.'?, 
216, 217. 218; planting dis- 
tance, 272; Oytosporiiia Spot. 
525 

Manganese deficiency, 239, 263— 
305, 300 : marl chlorosis, 303 ; 
cause and treatment, 363, 265 ; 
sprays for, 363, 365 and n. 1 
Manure, farmyard: for youug 
trees, 284; methods of applica- 
tion, 306-307. 373; effeclivc- 
nose, 332-333; nitrogen, .332, 
333, 334, 335. 34C, 370; on 
alkaline soil. 334; fruit cro)) 
and, 334; pins conwntriites, 
335; and straw. 335; cost. 
340-341, 371, 374; phosphate 
from, 342—343; potash from, 
346 ; composted or fresh ?, 37P ; 
time for applications. 370-371 ; 
and cover crops, 395 
^(arcottage: propagation by, 1, 
49, 62—53, 66; special type of 
layering, 49, 5^; method, 52, 
56; in nurse-grafted Y cut- 
tings, 58 

Marketing, 252—253; transporta- 
tion, 253; storage, 253 
Marsh grapefruit: hormones in 
rooting cuttings, 69 ; on various 
stocks, 72, 83, 131, 135-136. 
182, 199, 201, 204-206, 208- 
209 ; acid content not affected 
by stock or location, 207 ; water 
requirements, 476; root devel- 
opment, 478—479 ; freezing, 859, 
860 

Marsh Pink grapefruit, ISI 
Mealybug {Pseudoroct'us spp.) : 
biological control, 609—611. 
613-616 ; fungi, 647—648 ; bae- 
fcerinl disease of, 063; five .spe- 
cies, 728—730 ; injury, 730 ; life 
history, 730; control, 730 
Mediterronean Sweet orange, 91 ; 
us interstock, 158 ; hnhit of 
growth, 416; host of South 
African thrit^, 693 
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MelanoKc: control by pruning, 
415 f., 5.S3; fungus, .514, 533; 
discussion. 533; established in 
Florida, 816 

Mendel, Kurt: cited on healing-ou 
process in budding. 24-27 pas- 
shn; discussion of findings, 27— 
28, 145-146 
Merope, 137 
Messer lemon, 120 
^[exican lime: on Roiigh lemon, 
218 ; on sour orange, 218-219 ; 
on various stocks, 21 9 ; never 
used as stock, 121 
^feyer lemon, 132, 137. 895 
Millaweet lemon, 120, 177, 204 
Minor elements : Rough lemon re- 
quirements, 118; deficiency, 
239, 325, 328; essential ele- 
ments, 323, 328-329; spraying 
with, 323, 329, 355, 363, 365; 
toxic in concentrations, 320, 
356; fruit quality and, 355, 
1^68—309; boron, 356; zinc de- 
ficiency, 856—860; copper defi- 
ciency, 860—363 ; cold resistance 
and, 362, 366.j80caf«o Oopper; 
Manganese ; Zinc 
Mites, citrus: predaceous insects 
of, 621; fungi, 649—660; com- 
mon names, 657-658; coastal 
climate and. 669 ; citrus rust, 
674-077 ; citrus bud, 677-684 ; 
siX'8i>ottod, 684-685 ; Texas cit- 
rus mite, 685 ; EX-Diist for, 
79 .S 

“Monachcllo*' lemon, 100 
Morton citrange: cuttings, 69; 
lack of seeds, 127, 130, 191, 
195, 107, 198; as rootstock for 
Washington Navel, 128, 191, 

195, for Satsuma. 128, 131, 

196, 197-1D8; seedlings, 138; 
nueellar embryony, 146; selec- 
tion, 146 

Moths: fruit-piercing, 741; citrus 
flower, 746; fruit-inhabiting 
larvae of; false codling, 760, 
762, motli borer, 762, navel 
orongc worm, 762; leaf-mining 
larvae of, 764-765 ; citrus leaf 
miner, 764-766 

Jlottlc-lenf, 97 n. 1 ; relation of 
rootstocks to susceptibility, 97, 
11.5; tendency of grapefruit 
stock to, 97, 114-116; Sampson 
tangelo, 190; after limestone 
applications, 347 ; zinc defi- 
ciency and, 357-360 passisn, 
;i68, and zinc sprays, 357, 360, 
509 ; size of frtiit and obnor- 
mnlities, 368-369 ; in mulched 
orchards, 373, 458; cover crop 
and, 391; Petri's infectioua 
mottling, 574 

Mulches: rodents in, 281, 873, 
4.58, 842; dust mulch, 308— 
304, 312, 313; fire hazard, 308, 
373, 458, 842; mottle-leaf and, 
373, 468: mntorinlfl, 373, 438; 
mulched-basin and -furrow irri- 
gation, 373, 458 
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Navel orange: June drop, 370— 
371; “outside fruit," 413; 
“twO'StoiT" tree, 4;i4; in pre- 
cooler, 521—522 ; fumigation, 
778 ; temperature, 885. See 
Wn.shingtoii Navel orange 
Nematode, citrus: injury, 566— 
567 ; direct or indirect causal 
relation to triatezat, 585 
“Neotrnn," 683-684, 685. 786 
Nitrogen: essential element, 323 
ami n. 1, 336; decomimsilion 
of organic matter, 329-330, 
3;jl— 332, 3;j(i; carbon : nitro- 
gen ratio, 330—332, 336, 385 : 
depression of nitrntea by cereal 
strav’, 330, 835. 385—386; loss 
of nitrates bv leaching, 330- 
331, 336, 337, 338, 340, 372; 
from farmyard manure, 332, 
333, 334. 3:i5. 346. 370: ac- 
cumulation in furrow irriga- 
tion, 336; materials, 337, 339, 
and cost per unit, 339, 340, 
374; applications. 337-339, 
370. 371-372, 373; rapidity of 
nitrification, 337, 338, 339- 
340 ; June drop and deficiency, 
338. 370-;47l. 519; California 
practice, 341 ; effect of sulfur 
on nitrification, 349-360 : ef- 
fect on fruit quality, 367-3(58, 
and size, 360; in arid regions, 
371: amount to use, H74-37(}; 
content of cover crop, 385- 
387; fixation, 389 ff. ; carbohy- 
drate-nitrogen balance, 420; 
nitrites in concentration and 
root destruction, 550 
Nucellnr embryos: crowding, pos- 
sible ciiuae of “gooKeiicck," 7; 
Ijcrt'cntage in : Rough lemon, 
57, 117, 146, 147, Palestine 
sweet lime, 57, 122. 146, 147, 
Sampson tangelo. 57. 146, 147, 
aour orange, 104, 139, sweet 
orange, 110, mandarin, 113, 
grapefruit. 114, standard lemon 
varieties, 120, trifoliate orange, 
124, citraiiges, 146, 147; rela- 
tion to choice of rootstocks, 
138—139; seedlings developed 
from, 138, 140. 142 
Nursery: seedlings transferred to. 

10—11 ; budding, 10—1 1 ; site, 
11; soil, 11; planting, 11-12; 
irrigatiou, 12 ; fertilization, 12 ; 
budding, 13—24; advantage of 
local, 15; healing-on process, 
24-28 : budliiigs in, 28 ff.; sizes 
and grades nf trees, 39-40 ; 
choracters of rootstock in, 104 
ff.; fumigation of stock, 780. 
See aho Budding; Budlings; 
Healing-on process 

Oil sprays: historical view, 665— 
666, 781; temporary control 
for: citrus rust mite, 677, cit- 
rus bud mite, 677, 679, red 
mite, 683, 6S4, 685, six-spotted 
mite, 685, greenhou.so thrips, 


695, red scale. 704—706 
707 : tyiM*B of, 781 ; quality and 
grade of oil. 782—783; season 
for, 783; toxicants added, 783; 
injury from, 784 

Oneco mandarin, 97 

Orange worms: “pink scavenger 
worm," 667, 744; orange tor- 
trix, 667, 744, 746 ; injury, 
744; holcocern larx'ae. 745; 
plntynota, 745; control, 745— 
746. 785; navel, 762 

Orange-tree quick decline : a virus 
disease, 103 u. 1, 585; suscci)- 
tibility of sour orange stock, 
105 ; rapid spread, and aban- 
donment of sour orange root- 
stock, 109 n. 1 : sweet orange 
resistance, 110 ; symptoms, 564, 
585-586 

Orchard heaters. 230; 1938 sur- 
vey, 847 : temperature measure- 
ment, 861—864; efficiency of 
many small fires, 865, 867; 
temperature inversion, 866— 
867 ; air drift and fuel con- 
sumption, 867 : of border tom's. 
867; direct radiation from 
heaters. 867—868; fuels. 868- 
871, 877 n. 1 : distribution of, 
871 ; filling, 871;llghting, 872— 
873; oil heaters. 878-874; 
solid-fuel, 875 ; smokiness, 875- 
878; recommendations. 879— 
880; costs, 881—888; benefits, 
881. 884-886 

Orchard planting: “standard 
planting," 259—260 ; irrigation 
demands, 259—260 ; contour 
planting, 239, 260, 262—263; 
combinations. 260 ; leveling, 
260-261; terraces. 263—264; 
ridges and mounds, 366—267; 
intevpinnting. 269-270; dis- 
tances, 271-272; double, 271; 
quincunx system, 271, 274— 
276; turning space, 272; 
square or rectangular system^ 
273—274; uniformity, 27:^; 
staking, 273-274; planting 
board, 274; hexagonal or sep- 
tuple system, 276; triangular, 
276; digging tree holes, 276: 
care of nursery trees, 276-277; 
crew. 377 ; placing tree and 
hud union, 277. 279; irrigat- 
ing, 277—280; hare-root trees, 
279-280; time for, 280-281; 
care of newly planted trees, 
281; rodent pests, 261—282; 
protectors or whitewashing 
against sunburn, 282; wrap- 
ping against frost, 282-284, or 
mounding, 284; windbreaks, 
284, 266—295. See also Drain- 
age; Iiiterplanting; Irrigation; 
Windbreaks 

Orchard site, factors influencing 
choice of: temperatures, 223— 
230, 231, and elevadoiiB, 225— 
226. 900; air drainage, 226; 
orchard heating, 230; values 


of hearing orchard, 230, 253— 
254; heat injury, 230* winds. 
231—232; humidity, 232; ram- 
fall. 232-233; soils, 233-246; 
irrigation, 246—249 ; capital in- 
vestment, 249-251 ; diseases, 
251; pests, 252; labor supply 
and marketing, 252—253; as 
homesite, 253 ; bearing orchard. 
253-254 

Organic materials; improve soil 
structure, 329, 336, 341, 342, 
466; decomposition, 329 ff. ; 
carbon ; nitrogen ratio, ;-)30— 
332, 333, 336; cereal straws, 
330, 335; farmyard manure, 
332—335, 340—341 ; cover crops. 
335, 384, 387—389; time and 
methods of application, 370 ff. ; 
mulches, 373. See aleo Manure, 
farmyard; Nitrogen 
Oroville orange, 175, 185, 190. 
208 

Otnheite orange, 135 
Owari Satsuma: exjieriments on 
cold-resistant stocks. 94-96; 
experiments for xyloporosis, 
09—100; on various stocks, 
108-109, 130-133, 195-198. 
See aUo Batsuma orange 

Packing house; selection of shed 
for seedlings, 10; marketing co* 
operatives, 252-253, 886; pre- 
venting injuries, 507; general 
sanitation to reduce decay, 507 ; 
washing fruh^^ 607, 608, 511. 
512; futnigafion of fruit, 507. 
508 n. 1, and of house, 508; 
wroppers, 507 n. 2 
Palestine sueet lime (Palestine 
Sweet lemon): seed propaga- 
tion, 2 ; albinism, 9 ; seedlings, 
57, 138, 147; experiments with 
Shainouti orange ou, 24 ff., 122, 
145—146 ; nucellar embryony, 
57, 122, 146, 147 ; sensitive to 
frost, 122; precocity, 122; sus- 
ceptibility to xyloporosis and 
gummosis, 122; comparison 
with sour orange, 122; adapta- 
bility to soils, 122; variaiits, 
146, and selection, 146, 147 
Pandnn Wangi pummelo, 116, 
117, 120 

Papeda {Oitrus hystrix), 577 
Parasitism. See Fungi 
Furathion, 706, 721, 727, 787— 
788 

Parson Brown orange, 91, 92, 05 
Peniciflinm : digitatitm, 496; itali- 
cum, 505 

P6ra sweet orange, 99 
Persian lime, 219 
Pests. See Flies ; Insect pests ; 
Scale insects 

Phosphate and potash fertilizer: 
when and how to apply, 372 ; 
proportion to use, 376 
Phosphorus: essential element, 
323, 341; stability in soil, 841, 
342-343 ; accumulations, 341- 
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342, 343; jienetration, 342; 
from manure, 342; cover crops 
indicative of, 343 ; use in Flor- 
ida, 343-344; materials, 344; 
effect on fruit quality, 388 ; 
proportion in fertilizers, 376 
Photosynthetic products, passage 
of, 77 

PhutophlKora- spp., 9, 127, 208, 
209, 564 

Pineapple orange, 91, 92, 95, 126 
Plow sole, 310 
Ponkan mandarin, 84, 114 
Pniiki mandarin. Sta Oleoputru 
mandarin 

Potassium: essential to plant 
growth, 323, 344; base ex- 
change and, 344 ; in cloy soils, 
345, 346; from organic ferti- 
lizers, 346 ; potash materials, 
346-347; effect on fruit qual- 
ity, 368 ; proportion to use. 378 
Precocity: effect of rootstock on, 
87 ff. 

Propagation: methods of, 1, 89; 
budding, 1-40; grafting, 1, 
40^48 : by layers, marcotts, and 
cuttings, 1, 49— 60;’ not true to 
type through seed, 69 
Pruning: tendency in Colifovnin. 
411 ; object of, 411, 48S\ e«tn?)- 
lishiug framework, 411, 412, 
413, 428; place in orchard 
management, 411—412, 413, 

415; heading, 412, 413, 425- 
426, 427-428. 432, 483; lem- 
ons, 413, 415, 425, 431-482; 
for healthy interior fruit wood, 
413, 415 f.; oranges, 415, 432; 
depressive of growth and fruit- 
fulness, 414-415, 420. 421, 
425, 428; costa, 415; for mela- 
nose, 415 f., 533, and brown- 
rot disease of lemons, 41.5: 
grapefruit, 415, 432; “un- 

derentting,*’ 416, 430, 4 32; 
carbohydrote-nitrogen balance 
related, 420-421 ; young trees, 
421-422, 427-429; young- 

bearing trees, 422, 429 ; full- 
bearing trees, 423-425, 430; 
and fruit quality, 425; thin- 
ning, 426, 432, 433; injury 
from, 432; special problems. 
432 ff. ; oversized trees, 434 ; 
neglected tree.s, 434; for reju- 
venation, 434—436, 450, 533, 
by ^'dehending," 435, by "skcl- 
otonization.” 433-436; injured 
trees, 437-438, 440-444, 891, 
901-904, 905 ff.; protection 
from sunburn, 439 ; disinfect- 
ant and asphaltum for cut sur- 
faces, 439, 901; equipment, 
439-440; burning prunings, 
440; time to prune, 440-441; 
for stem-end rot, 515; to con- 
trol anthracnose, 525, 542, and 
felt, 538 ; for pink disease, 347 ; 
for shaeropsis knot, 549; for 
crotch disease of tangerines, 
577 


Psorosis (“scaly bark”) ; spread 
by tissue transplantations, 15; 
buds from registertnl trees to 
prevent, 15, 569 ; imssible fac- 
tor in lemon-free decline, 21 1 ; 
of trunk, 553; a virus disensc. 
567-574; leaf .symplomK. 568. 
.571 f., 573 f.; psorosis A, 560— 
371; psorosis B, 571; concave 
gum, 571; blind-pocket, 571— 
573; “stem pitting,'* 573; 
crinkly-leaf, 373 ; infectious- 
variegation, 573—574 

Psyllids, or jumping plant lice, 
734-735 

Puerto Rico grapefruit, 104 

Punimelos or shaddocIcK {Gitruft 
fjrnndiM) : cuttings, 53, 5o ; sus- 
ceptibility to mottle-leaf, 97, 
117; monembryonic, 116; vari- 
ahle seedlings, IIC, 117 ; as 
stock, 116-117; susceptibility 
to attacks of scale insects, 116- 
117; on mounds and ridges in 
Par East, 267 

Quarantine, plant, 666, 667; pur- 
pose, 813, 814; barriers to 
natural distribution, 813 ff., 
821 ; principles and limitations, 
814-818; enforcing by inspec- 
tion at destination, 818-820, 
at point of origin, 820, by em- 
burgoes, 820-822; erndication 
after accidental introduction, 
821-825; as agricultural pol- 
icy, 825-829 

Rainfall, 232-233. 241; leaching, 
247 

Rnngpur lime: rullings, 50: pn*- 
coclt.v, 88, 121; resistant to 
wind and heat, 96, 121; ns 
stock. 1 21, 122 ; not true limp, 
121; vnlunbli* rootstock, 121; 
resiutant to tri^feza, 121 

Red niite,s (spider) : on ring spot 
of limes, 581; clirysosis and. 
582; adaptation to sulfur 
8i)ruys, 667; seriouH pest in 
California valleys, 667-(»()9 
pnHHim. 681-684; injury, 681 ; 
life history, 682; control, 682— 
683 

Red scales: California: biological 
control, 617—610; fungi, 639— 
640 ; bacterial disease, 654- 
635; injury, 697; life history, 
697—701; dispersion. 7t>l. 814 ; 
control by fumigation, 702- 
704, 779, by spray fumigation, 
705—706, other methods. 700— 
707; spraying for, on lemons. 
704-705; organizations for 
combating, 770; Mediterran- 
ean or Hpanish: biological con- 
trol, 619; distribution, 709; 
injury, 710; fumigation aiul 
spraying, 710 ; Florida : distri- 
bution, 707, 709, 814; life 
history, 709 ; control, 709 

Ucdblush grapefruit, 131 


Rodents: injury by, and protec- 
tion against, 281, 831 ff. ; go- 
phers, 281, H31-837; rabbits, 
281, 845; meadow mice, 281. 
841-844; moles. 281-382: 
house rats. 837—841; ground 
squirrels, 84-1; wood rats, 844; 
cotton r;ils, 845; ‘'government 
formula" for. 842, 844 

Rogiiing, 57, 113 

Root systems: new, by twig 
grafting, 46, or inarching, 46; 
rooting cuttings, 53-54, 55—56, 
59; of Rough lemon, 82, 117- 
118; of sweet lime, 82; of sour 
orange, 82, 87, 108; size of, 
and size of trunk and top, 82, 
86; effect of .scion on, 86-87; 
color reactions, 87, 150; of 
Calnmondiu, 133 ; cellular struc- 
ture, 149—150; odor of yuzu 
orange, 150 ; of windbreak 
trees. 232 ; lateral spread, 233- 
294; unci soils. 234; effect of 
irrigation on growth and devel- 
opment. 477-479. See aho Dis- 
eases of trunk, main branches, 
and roots 

Rootstocks: adapted to variety, 1, 
to region and soil, 1 : registered 
trees, 2; seeds for. 2-T; char- 
acter and reactions, 69 ff. ; 
congeniality u'lth scion, 69-70, 
78; physioiogicrtl balance, TO- 
TS; stionic variations, 71; 
fusion, 71 ; nse of reserve ms- 
teriiils, 72; “cnlines,” 72; 
growth reactions, 73 ff., of 
same scions on different, SO- 
BS, of different scions on snmi', 
85-86; effect on early fruiting, 
87 ; effect on fruit ripening' 
88; effect on size, shape, a^d 
grade of fruit, 88—90 ; effeef 
quality of fruit, 90-92, i. 
sugtir-Hcid content, 00—91, vf^* 
mill content, 91-92 ; magnesium 
in, 92; controlling influence 
bortm content, 93; effects On 
fro.st resistance, 94—95, 172. 
895: inlluence on wind injury. 
9.7-1)(>; influence on suscepli* 
bility to disease, 96—103, 172; 
tristezn, 100-103 ;nursery char- 
RcterH, 104 ff. ; sour oranges as, 
104-109; sweet oranges, 109- 
113; mandarin oranges, 118- 
114; grapefruit, 114—116; 
punnneloK, U 6—117 ; leinone, 
117-120; limes, 120-122; cit- 
rons. I2;i: trifoliate ornngeH, 
123-127; citi-anges, 127-132: 
(nngelos, 132; yuzu orange, 
1,‘12-1 33 ; Calamondiii, 133 ; 
s]>erial varieties, 135, 147 ff. : 
choice of, for hud strain, 14H; 
identification by cellular struc- 
ture, 149, by colorimetric 
chemical reactions, 150—152 ; 
recovery of trees on iinsatisfai" 
tory, 159 ff. ; importance of 
suitable, 1 69—1 74 ; historical 
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Rootstocks (continued) : 
view, 170—171; factors of yield, 
171, of quality, 171, of life of 
tree, 171 ; soil adaptability, 
171—172; size of trees and, 
174, 187; California experi* 
Tnents, 174 fF. ; for Valencias, 
177—187, for Washington Na- 
vels. 188—195, for Owari Sat- 
snma, 195—198, for mnndnrin 
and tangerine varieties, 198— 
199, for Marsh grapefruit, 
199—209, for Eureka and Lis- 
bon lemons, 210—218, for limes, 
218—219, for citron, 220, for 
tangelo, 220, for kumquat, 220 ; 
factor in lemon-tree decline, 
210—211. See also Seedlings 
Rough lemon: seed propagation, 
2, 117; seedlings, 14, 57; mi- 
cellar embryony, 57, 117, 146, 
147; cuttings, 59, 117; Malta 
orange on, 80, 82, 88—69; Snn- 
tnra mandarin on, 80, 62 f., 
109 ; root system, 82, 117—118 ; 
quality of fruit, 90, 91, 92, 

108, 113, 110, 185, 194-195, 
204, 207—208; rapid growth, 
90, 117, 118, 120 ; low in mag- 
nesium, 92; suscoptibility to 
cold, 94, 95, 110, 117, 198; 
resistanco to drying, 106, 108, 
116; size of trees on, 108, 118, 
182; adaptability to soils, 108, 

109, 118-119, 172, 212-218; 
seedlings, 117, 188, 139; nurs- 
ery performance, 117; suscep- 
tibility to gumniosis, 117, 118— 
119, 120, 195, 204, 209, 556; 
congeniality, 118—120; ferti- 
lizer practices, 118 ; mineral 
deficiencies, 118-119 ; granula- 
tion, 119 ; resistance to tristezu, 
119; in South Africa and Aus- 
tralia, 119, 171; probable hy- 
brid, 120, 152; colorimetric 
reactions, 152; Teniiilu orange 
and tAugclos unsuccessful on, 
157 ; as stock for Valoncia, 182, 
187, 193, for Washington Na- 
vel, 190, 193-194, for Marsh 
grnpefrnit, 193, 201, 202-204, 
209, unsatisfactory for Owari 
Sntsuma, 198, for Eureka 
lemon, 216 for Lisbon lemon, 
216, 217, 218, for limes, 218, 
219, for citron, 220; lemon-tree 
decline, 213, 218 

"Rubidoux" e.xporiments, 388 
Riibidoux sour orange: in O.E.8. 
experiments, 109; as stock for 
Valencia, 185, for Washington 
Navel, 191, for Owari Sat- 
suma, 195 ^ 

Ruby orange, 88 
Rusk citrongo: seeds, 127; as 
stock for Satsuma, 128, 131, 
and dwarfing, 128, 196-197; 
yields of Joppa and Texas 
Navel on, 126; size of trees on, 
126; seedlings. 136; nucellar- 
embryonic, 146 


Rustic citrange, 127, 131 
Rutaceae, 70 

St. Michael, 158, 693, 779 
Salt or alkali injury: Merope and 
Severinia resistance, 3 37; in 
California, 172 ; sweet and sour 
orange compared for, 172; 
winds and, 231 ; salt concentra- 
tions, 240 ; toxicity, 240 ; in 
irrigation water, 240, 247 ; im- 
portance of subsurface drain- 
age, 265 ; relation of branch 
blight of grapefruit to, 576 
Sampson tangelo (tangerine X 
grapefruit) : seed propagation, 
2, 132; degree of gummosis 
resistance, 19. 45, 132, 200- 
213; nucellar embryony, 57, 
132, 138, 146, 147; Bcedlinga, 
132, 138, 175; as stock for 
lemon, 132, 198, for Valencia, 
148, 184-185, 187, 190, 198, 
for Washington Navel, 148, 
190, 103, for Owari Satsuma, 
198, for Marsh grapefruit, 201, 
for Eureka and Lisbon lemons, 
213—218 paasim; mottle-leaf, 
190; hybrid, 190; resistance to 
lemon-tree decline, 213, 214, 
218; Toote resistant to nitrite 
injury, 213, 556; adaptability 
to soils, 214 
Sanford citrange, 138 
Santaru mandarin : experiments 
on four stocks, 80, 85; on 
citron, 123 

Satsuma orange: heading, 82, 
284, 890; habit of growth, 32, 
410; cuttings, 55; experiments 
on Severinia and Eremocitma 
stocks, 72; stock overgrowth 
and size of Uree on trifoliate 
orange, 80, 132, 171 ; precocity 
on trifoliate, 88, and early rip- 
ening, 88, 171; failure on sour 
orange, 108, 156; sweet orange, 
112; on grapefruit, 115—116; 
on citrange, 128, 130 ; on yuzii 
oronge, 132—133, 171; cold- 
resistaut, 133 ; pnncipal orange 
in Japan, 171; planting dis- 
tance, 272; mounding, 284; no 
pruning, 416; anthrnenose of, 
524, 541; camphor scale, 710— 
711. See also Owari Satsuma 
Savage citrange: seeds, 127, 130; 
as stock : for Owari Satsuma, 
130, 196, 197, 198, for Marsh 
grapefruit, 130, 204, 205, 206, 
208, 209, for Valencia, 182, 
185, failure on Washington 
Navel, 191, 193; nucellur- 

embryonic, 130, 146 ; seedlings, 
130, 138, and selection, 146; 
dwarfing tendency, 130, 191, 
204 ; relatively resistant to 
brown-rot gummosis, 197, 198, 
204, 209 

Scale insects: chief citrus pests, 
602, 697 ; biological con- 

trol, 602—620 ; entomogenous 


fungi, 638—647 ; life histor- 
ies and control by fumiga- 
tion and spraying, 697—720 
aspidistra, 717 
black, 605-609, 717-721 
black parlatoria, 715 
California red, 617—618, 654— 
655, 697-707 
camphor, 710—711 
chaflP, 715-716 
citricola, 619-620, 692-693, 
721-724 

cottony cushion, 601, 602-605, 
665-666, 726-727 
delta, 724 

Florida red, 707, 709 
Florida wax, 726 
Glover’s, 714 
greedy, 710 
green coffee, 725 
hemispherical, 721 
Mediterranean or Spanish red, 
619, 709-710 
oleander, 710 
orange pulvinarin, 725 
pulvinaria, 725 
purple, 619, 711-714 
red wax, 725 
rufous, 710 
snow, 716 

soft (brown), 619, 724 
yanonc, 717 
yellow, 616-617, 707 
white wax, 726-726 
Scaly bark : spread through vari- 
ety propagation, 15; little sti- 
onic influence in, 96; sweet 
orange susceptibility, 96, 110; 
sour orange resistance, 96, 104. 
See also Diseases, virus; Lepro- 
sis; Psorosis 

Scion : in grofting, 40-44 passim ; 
combinations for top-working, 
60-61 ; congeniality with stock, 
69—70, 73—74; physiological 

balance, 70—73; stionic varia- 
tion, 71 ; fusion, 71 ; use of 
reserves of stock, 72; growth 
reactions, 73 ff. ; experiments 
with same, on different stocks, 
80—85, and with different, on 
same stocks, 85-86; effect on 
root system, 86—87 ; determines 
season of maturing, 88; con- 
trolling influence on magne- 
sium content of stock and, 92- 
93; stock influence on, in cold 
resistance, 94 ; and tristeza, 
100—103. See also Budwood 
Seed for rootstocks: species used, 
1-2; from selected trees, 2-3; 
drying, 2, 4 ; local supply, 2 ; 
from frosted fruit, 3 ; extrac- 
tion of, 3; polyembryonic, 3; 
number needed, 3 ; storage, 4 ; 
planting, 4, 6, 8; germination, 
6-7, 8; soaking, 7; magnesium 
in, 355 

Seedbed: soil, 4; fertilization, 
4-5, 9 ; preparation, 5, 6 ; pro- 
tection from sun, 5—6; irriga- 
tion, 6, 9 ; planting, 6, 8 ; care, 
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6; damping-off, 8-9; diseases, 
8-9; selection at, 146-147 
Seedlings: Inth-house protection, 

5, 6; irrigation, 6, 12; bench 
root, 7-8; diseases, 8-9; ferti- 
lization, 9 ; time in seedbed, 9- 
10; size for budding, 10, 147; 
digging and selection, 10, 40, 
139, 144—145, 147; balling or 
bore-root, 11; planting, 11—12; 
cultivation, 12-13 ; budding, 
13-28; pruning, 13-14; habit 
of growth, 14; for inarching, 
44-^5; unlfomiitj*, 57, 138; 
roguing, 57 ; free from trisleza, 
101; sour orange, 104; size 
comparisons, 113; from ferti- 
lized egg cells, 138; hj’brid, 
138; "variant," 138-139, 140- 
142, 143, 146; sexual or vege- 
tative origin, 139; size of. and 
size of budlings, 139-140, of 
trees, 142—143 ; and yield, 144, 
145. See aleo Nucellar embryos 
Selection: of seedlings, 10, 40, 
139, 144-145, 146-147; of 
budlings, 144-14S, 147; im- 
provement by, 145-146; Men- 
del's experiments, 146—146; 
methods for commercial nurs- 
eries, 146 ff. ; importance of 
suitable rootstocks, 169 ff., and 
factors involved in, 171-172, 
174; of orchard site, 223 ff. 
Severinia buxlfoHa: tolerant to 
boron,' 93, 137; possible root- 
stock for lemon, 98; slow 
growth, 135; experiments with 
various scions, 135-136; 
dwarfing, 136, 137; weed for 
special techniques with, 130; 
resistant to salt or alkali in- 
jury, 137 

Shaddock. See Pummelos; Sia- 
mese shaddock 

Shaddock X St. Michael hybrid, 
204 ; resistant to guminoais, 
209 

Shamouti sweet orange: on Pal- 
estine sweet lime, 24 ff., 120. 
145—146; Mendel's experi- 
ments, 24 ff., 145-146; bud- 
ding, 27 ; xyloporosis, 77 
Shell bark (decorticosis) : on 
lemon scion trunk, 96. 154. 
157, 558—559; sour orange re- 
sistant. 96, 104; sweet omnge 
resistant, 154, 167: intcrslock 
(■o prevent, 157; same fungus 
in melnnose and stem-end rot, 
514, 533; Botvytia gummosis 
with, 558; relationship between 
thickness of bark and tendency 
to, 559 ; resistant strains, 559 
Siamese shaddock, 185; ISureka 
and Lisbon lemons on, 216, 217 
Siiverhill Satsuma, 131 
Snails, European brown, 751 ; 

control, 752, 765, 786 
Sodium: high alkalinity indicative 
of, 238 ; relation to black alkali 
and permeability of soil, 240, 


248 ; in soil and irrigation 
water, 247—248. See also Salt 
or alkali injary 

Soil: for seedbeds, 4; for nurs- 
eries, 11; of citrus districts, 
105—106; adaptability of : sour 
orange, 105—106, 108, 109, 
170, 172, Rweet orange, 110, 
113, 172, grapefruit, 115, 116, 
Rough lemon, 118—119, 172, 
limes, 121, 122, Palestine sweet 
lime, 122, trifoliate orniigc, 124, 
Sampson fangolo, 214; alkali, 
106. 240; imiiorPtnco of aclapi- 
nbility, 171—172 ; citrus re- 
quirembnts, 233; available oxy- 
gen, 233, 234. and root systems, 
233-234; physical characteris- 
ties, 234 ff. ; water ])cnetrution, 

234, 465—466, drainage, 234— 

235, 240; depth of, 235, 241; 
water taUea, 235 ; types of. 
235 ff. ; coarse. 235, 237, clay 
and adobe, 237; and yield, 
237; surveys, 237, 246; chem- 
ical cbaracteri^t^cs, 233 ff. ; 
fertility, 238 ; reaction and nu- 
tritional deficiencies, 238—239; 
toxicity due to alkalinity and 
salinity, 240 ; possible reclama- 
tion, 240 ; plants as indicators 
of adaptation, 240-241 ; topog- 
raphy, 241; erosion, 241; in- 
formation on, 246; management 
related to grade, 260; tilth, 803, 
310, 836; dust mulch, 803- 
304, 812. 313; plow sole, 310 ; 
chemical essentials for plant 
growth, 323; deficiencies in 
humid and arid reeione, 324— 
325; base exchange, 328; or- 
ganic materials and structure 
of, 329, 336. 341, 342, 384. 
387, 389, 390; reaction on fer- 
tilizer value, 333; phosphate 
ocoumulationa, 341—342, 343; 
potash in California, 345, 346: 
acid, and citrus, 347; liming, 
347—349 prtMitn; reactiou to 
sulfur, 349; copper deficiency, 
360—362; copper sulfate ii]jpli- 
entions, 362; manganese dufi- 
cicneyi 363; incorporation of 
cover crop, 384, 387—389, 390, 
395; nitrogen fi.xation, 389- 
390 

Snil-moi«ture i^stem; water pene- 
tration, 306; nitrate nitrogen 
moves with, 371 ; moisture con- 
tent, 464; volume weight, 464: 
liygroscopic coefficient, 404 ; 
field capacity, 464, 469 ; mois- 
ture equivalent, 464; wilting 
point, 465. 466, 468, 4R1 f.. 
487; infiitrotion, 465—466: 
storage, 466 ff.; Brigs’ classifi- 
cation, 468; capillary potential, 
466 ; osmotic concentration, 
466; transpiration, 469-476 
pa/ijn'm, 485 ; temperature, 482 ; 
effect of irrigation on soil reac- 
tion, 483-484; measurements, 


483-487, by tree-response teats, 
486, by soil sampling, 486— 
487 ; and internal decline, 517 ; 
and Rtylar-end rot, 518: and 
membranoksis, 518. See a^eo Ir- 
rigation 

Sooty-mold fungus in hoin*ydew 
from: black scale, 718, 720; 
citricola scale, 721; soft brown 
scale. 724 ; orange pulvinaria 
und pulvinaria scales, 725 f. ; 
white flies, 731; psyllids, 734; 
aphids, 735 

Sour orange (Citrus Aurantium ) : 
seeds, 2, 4, 104 ; albinism, 9 ; 
seedlings, 14, 57, 74, 76, 104, 
139-142 pnefdm, and roguing, 
57; resistant to gummosis, 19, 
45, 104, 110, 169, 170, 187, 
208-209, 556; cuttings, 55, 59, 
87. 104; lemon on, 72, 76, 109; 
stionic reactions, 74—76 passim, 
219; butl unions, 74—76, 105; 
root development, 82, 87, 106, 
108; influence on vitamin con- 
tent, 92; degree of cold resist- 
ance, 04, 05. 104, 172, 224, 
894; resistant to wind injuiy, 
05-96, 108, 218-219; tristeza, 
lOO-lO.S pfljstm, 105,109, 187; 
nursery behavior, 104 ff. ; nu- 
collur embryos, 104, 139; re- 
sistance to drying, 104, 106; 
susceptibility to scab and mal 
Mcceo, 106, 110, 170, 529-630, 
532; susceptibility to orange- 
tree quick decline with sweet 
orange scion, 105, and aban- 
donment, 109 n. 1 ; adoptability 
to soils, 105-106, lOS, 109, 
170, 172, 212-213; climatic 
reactions, 106; fruit quality, 
108; as stock: for lime, 108, 
218-219, for Satsuma, 108, 
109, 156, 195, 106, 197, for 
Washington • Navul, 139, 142, 
188-191 pneeim, 193-195 pas- 
sim, for Valencias, 177, 182, 
187, for mandarins, 198-199, 
best stock for Marsh grapefruit, 
201, 209, for lemon, 211, tor 
Eureka and Lisbon Iciuons, 
215-218 passim, for limes, 218, 
219, for kumqunt, 220 ; size of 
trees on, 108, 139, 143—144, 
195; resistant to salinity, 109; 
%’nrietips, 109, 147-140; vari- 
ants, 142-143, 146, and elimi- 
nation, 146; cellular structure 
of stems ami roots, 150 ; factor 
in lomon-trpe decline. 154, 210— 
211, 213, 218; historicnl view, 
170; verrucosis, 539, 532; bac- 
terial leaf spot, 546-547 ; bark 
rot, 660; immune to Rio 
Grande wood necrosis, 561 
Kpraying: fertilizers, 323. .329; 
ndiicsivcH, 510; equipment, 
660-007; insocticidcs in oil 
sprays, 78:J-784; as protection 
from frost injury, 878. See also 
Oil sprays 
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"Spreading decline" of citrus 
trees, 551 n. 1 

Standard rout ornuge: na stork, 
109; yield of Valencia on, 182, 
of Ow'uri Satsuma, 195, 196 
Stem structure, 149 ff. See aleo 
Diseases 

Stion, 71 and n. 1 ; stionic varia- 
tions, 71; characteristics of 
symbionts, 71 ; stionic influence 
on chemical composition, 92— 
06, on resistance to cold, 94-95. 
on wind innury. 95—96, on sus- 
ceptibility to disease, 96—103; 
stionic reactions in tristexn. 
100—103; diaguosis of species 
from reaction at bud union, 149 
Stocks. See Eootstocks 
Suen Kut mandarin, 59, 114 
Sulfur: soil reaction to, 349; ef- 
fect upon nitrification, 349- 
350; use, 350; in organic 
materials, 350; in rain water, 
850; for control of citrus rusi 
mite, 676—677, 696, 788, <»f 
citrus bud mite, 677—680, 788, 
not dependable for red mite, 
682, for thrips, 688, 690, 693, 
696, 788, citricoltt scale, 690, 
788 ; injury, 788 

Sunburn, 282, 439, 441, 901, 
914, 915, 916-917 
Sunk! mandarin, 84, 114 
Sweet lime or sharbete: as stock 
for Molta orange, 80, 82, 85, 
87, 88, for Snntavn mandarin, 
80, H2, 85; root system, 83; 
use in Palestine, 97; xyloporo- 
sis, 97-09, 577, 578 
Sweet orange {Citrw einensh) : 
seeds, 3, 4, 109; seedlings, 14. 
57, 109-110, and roguing, 57; 
cuttings, 54, 55, 59, 110; con- 
geniality, 73—74, 136; size of 
trees on, 74, 108, 110, 111, 
112 ; bud union on sour orange, 
7.5; fruit of, on sour orange 
stock, 108 ; per cent of nucellnr 
embryos, 110; variants, 110, 
146, and selection, 146; cold 
resistance, 110, 894; suscepti- 
bility to gummosis, 110 f,, 111, 
. 113, 119, 170, 195, 208-209. 
556; resistance to triste 7 . 11 , 
rjuick decline, and mal sccco, 
110; adaptability to soils, 110, 
113; root system, 110, 112: 
use in California, 110, 170: 
fruit quality on, 110; compari- 
son with sour orange ns stock, 

111. 187 ; size of trees and yield 
as stock for: Valencias, 112, 
177, 182, 184, 187, Washing- 
ton Navel, 112, 189—191 pas- 
Hm, 193-195, Owari Satsuma, 

112, 195, 197, 198, Marsh 
grapefruit, 182, 190—201 pas- 
sim, mandarins, 196-199, Eu- 
reka lemon, 215, 216, 218, 
Lisbon lemon, 216, 217, 216, 
limes, 218, 219, Benrss lime, 
219, kumqunt, 220 ; planting. 


113; for arid reipons, 113; re- 
sistant to shell bark, 154, 157; 
early decline, 156; as inter- 
stock, 158 ; marching with, 
159; historical view, 170; re- 
sistant to salty water table, 172, 
247 ; partialresistance tolenion- 
tree decline, 212, 218; fruit 
scab, 532 

Tabog (Swinglea glutbiosn), 136 
Tahiti lime: Bough lemon best 
stock for, 219 ; on various 
stocks, 219; planting distance, 
272 

Tangclos (grapefruit X mandarin 
orange). 14. 108, 132; inter- 
stock for, on Rough lemon. 157 : 
stocks for, 220. See also Samp- 
son tangelo 

Tangerines: us stock for tange- 
rines, 114; on trifoliate, 126; 
crotch disease, 576-577. See. 
also Mandarin orange 
Tankan mandarin, 84, 114 
Temple orange: on Cleopjitrii 
stock, 95 ; on sour orange, 108 ; 
failure on Rough lemon without 
interstock. 157 

Terraces: ‘‘preformed,*’ 2B3; con- 
tour, 263—264 
Texas Navel orange, 131 
Thermal belts, 226, 22K 
Thomson Improved, 224 
Thomson Navel orange, 91, 154, 
1.59 

Thrips, citrus: native pest, 601, 
667, 686; re*6gtanco to tartar 
emetic, 666. 786, 797; threat 
to lemon orchards, 667, 6K6: 
greenhouse thrips, 667, 694— 
696; hosts, 686; injury, 687— 
68H; life history, 688; control. 
69H— 693; South African, 698— 
694; orchid, 696; Florida 
flower, 696 ; western flower, 
690 

Tillage, See Cultivation 
Top growth: topping or lopping 
budlings, 29—30 ; heading bud- 
lings, 32, 34; of top- worked 
tree, 61; hormone produced in. 
of stock tree, 72; condition in 
faulty union, 77; effect of stock 
on, 80 ff.; of mandarin stocks, 
114; in lemon-tree decline, 210 
Top-working: rcusons for and 
against, 60; aatiafactory con)* 
biiuitions, 60—61 ; eye- or shield- 
budding method, 61—62; prun- 
ing, 61, 63; budwood, 62; 
wrapping, 62—63; limbs snw(Ml 
and waxed, 63 ; removal of 
nurse limbs, 63—64 ; other meth- 
ods, 64; rebuilding, 64; graft- 
ing, 64-65 : interstocks in 
double-worked trees, 152, 154 
ff. ; experiments with lemon, 
154—156; of seedy grapefruit 
to Temple orange, 157; unsat- 
isfactory, 157—158 ; recovery of 
orchards, 159—161; cost, 161 


Transplanting, selection in, 146, 
147 

Trifoliate orange (Poneirus tri‘ 
foUata), 1; seed, 6, 123, 132; 
budding. 13, 123; seedlings.. 
14, 123, 132; not congenial 
with oranges, 70; slow growth. 

78, 123—124; overgrowth of 
trunk with sweet orange, lemon, 
or grapefruit scions, 78—79 ; 
dwarfing tendency. 78-79. 83, 

87, 88, 91. 124, 125, 126, 132, 
195, 196-199 passim, 206; de- 
ciduous, 79, 88. 124: erratic 
stock, 79. 125; dormant period, 

79, 88. 95, 124, 125; Valencias 
on, 79, 83, 124, 123-126; 
Washington Navels on, 79, S3. 

88, 190, 191, 193, 195 ;? Sat- 
sumn on, 80, 88. 95, 125, '127. 
107; precocity, 87—88, 126, 
132; early ripening, 88, 126; 
quality of fruit, 89—90, 125, 
126, 208; influence on sugar- 
acid content, 90—91 ; cold re- 
sistance. 94, 95, 104, 124, 125, 
894; susceptible to wind injury. 
95—96; budlings, 123—124; per 
cent of nucellnr embryos, 124 ; 
gummosis, 124; root system, 
124; adaptability to soils, 124, 

184, and locations, 125, 126- 
127; best stock for kumciunt, 
125, 127, 220 ; resistant to Phy- 
tophthora, 127 ; uses for, 127 : 
cellular structure of stems, 149, 
and roots, 150; unfit for in- 
arching, 169 ; Marsh grapefruit, 
199, 206, 208; as stock for 
limes, 219; exocortis, 560 

Tristeza: of sour orange root- 
.stocks, 100, 105, 109, 584; his- 
loriciil view, 100, 584; stionic 
relictions, 100 ff. ; seedlings free 
from, 1 01 ; susceptible combi- 
nations, 101—102; resistant 
rombiiiations. 102 ; causeR, 102— 

103, 584— .585; a virus?, 10‘3 
and n. 1, 584 and n. 1, 585; 
sweet orange re.sistiint to, 110, 
585 ; Rough lemon resistant, 
119, 585; Rungpurlime resist- 
ant, 121, 585; symptoms, 584; 
inarching, 584 n. 1, 585; neni* 
Htodes and, 585; aphis and, 
585 n. 1 

Troyer citrange: seeds, 127, 131; 

nursery characters, 131 
Trunk: growth reactions, 73—80; 
of sweet orange seedlings, 110. 
See also Diseases u£ trunk, main 
branches, and roots 
TS 15137, 131 

Valencia orange: habit of growth, 
51, 424; stionic reactions on 
grapefruit, 78 ; eizo of trees and 
yield on various stocks, 83—89, 
119, 125-126, 177, 182, 184- 

185, 187; precocity, 88; gran- 
ulation, 119 ; late ripening, 
119; Colifornia rootstock ex- 
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periments, 177 If.; fruit quality 
on: Sampson tangelo, 185, bout 
orange, 185, Rough lenion and 
Siamese shaddock, 185, 187; 
frost injur>% 225. 860 ; resist- 
ance to heat injury, 230 : heat 
requirements, 231; planting 
distance, 272 ; broad-bean cover 
crop, 401 ; oversixcd trees, 434 ; 
in preeooler, 521-522; rind 
spot, 522; bark rnt of sour 
orange rootstock, 500 
Variants, 138—139; of sour or- 
ange, 139-142 pntiJtim, and 
dwarfing, 142; nature and im- 
portance of, 142-143; elimina- 
tion of, 143, 144, 145, 14(5 
Vednlia, 601, 603-fi04, 605, 691, 
727 

Verrucosis or scab: on sour 
orange stock, 96, 104-105; 
sweet orange rehistant. 96, 
110; mandarin very resistant. 
113; symptoniH, 529—530: bus- 
ceptfibility and resistance of 
varieties, 532 

Villafranca lemon, 59, 120 
Virus diseases. See Diseases, virus 
Vitamin content (ascorbic acid), 
91-92; increase by magnesium 
applications, 355, 3(58; impor- 
tance in food value, 306; from 
trees with low nitrogen con- 
tent, 308; minor eleinoiitb and, 
363 

Walters grapefruit, 95 
Wnmpee stock (ClauHena Znn- 
eiuni), 72, 166-157 
Washington Navel orange: orig- 
inal parent tree at Riverside, 
40-48 ; weak, alow-growing 
tree, 51; experiments in layer- 
ing, 51; congeniality, 73; gir- 
dling, 77 ; size and yields of 
trees on various stocks, 82-63, 
88, 112, 119, 128, 139, 144, 
189—191, 194—195; precocity 
on trifoliate, 88 ; effect of varj- 
ous stocks on: grading, 89, 


cold-resistance experiments, 95, 
224, 225, BUBceptihilUy to coilar 
rot, 104; as interstock, 155— 
15(); C.E.S. experiments on 
stocks for, 188 ff.; yield on 
various stocks. 190-191; fruit 
quality on various slocks, 193— 
195: heat injury, 230; heat 
requirements, 231 : planting 
distance, 272; fertilizer trials, 
334; moderate pruning, 415; 
experiments in pruning, 42'.)— 
424; water use, 476; root- 
system comparisons, 477, 479 ; 
•Tune drop, 479, 480 ; Icuf-watei* 
deficit, 486; freezing temper- 
atures, 837, 858 

Water tables: special procedures 
in. management in Florida. 234— 
235 ; lowered by open ditches, 
2.35, or underground drainage 
systems, 235, 263—206 ; perched, 
2.15 : evaporation from, and salt 
aceuniulntions, 240 

Webber fungelu, 1,32 

Weed control ; by cultivation. 302, 
303 f.. 304-306. 318. 320; by 
mowing or pasturing. 30.5—306 ; 
by oil spraying, 306, 318, 320, 
460; by hoeing or scraping, 
318. .320, 469 

White flies, citrus. 252, 620 ; en- 
toinogenous fungi of, 631-63H, 
656 

Whitewashing: against rabbits, 
2H1 : against sunburn, 282, 865, 
901, 914. 916; formula for,' 
299 

Willow-Leaf nmndiirin, 100, 113, 
219 

Wind: sour orange resistant to 
injui 7 , 95-96, 218-219; may 
reduce frost hazard, 228; heat 
accompanied by desiccating, 
230, 231, 284; injury', 231 — 
232, 287; “foehn” winds, 231; 
soil conditions and injury, 231- 
232; types of, and damage, 2R4 
ff. ; continuous, low- velocity, 
2H6, coastfil, 286, of great ve- 


locity, 286-287; injurj' and 
pruning, 428, 438; injury and 
irrigation, 480 

Windbreaks; protection, 232,284, 

286 , 287 : disadvantages of. 
232, 286, 289-290, 291; niul 
red scale, 286; effectiveness. 

287, 289; arrangement, 290— 
293: distance between, 291. 
und pro]>erty lines, 291 ; selec- 
tion of trees, 291, 298; plant- 
ing distance, 292 ; pruning. 
292-293; species, 293-295, 
tMieulyptus species, 293, cuprcb- 
aiis Kpeciea, 293—294; to con- 
trol black pit, 524 ; and citrus 
blast, 546 

Woglum lime, 59 

Wrappers, decay-inhibiting, 507 
11 . 2 

Xyloporosis: on sweet lime stock, 
77, 97 ; sieve tubes injured. 77 ; 
“pore and peg" lesions, 97-98, 
lOU; few cases, 99—100; stock- 
scion combinations contribu- 
tory, 100 

Ynmn-mikun. 135 

yields: of large trees and close 
planting com))nred, 86; of 
dwarfed trees, 87 ; precocity, 
87—88. See aho various species 
and varieties 

Yuzii orange, 2; hybrid, 132; 
comparison with trifoliate, 1 82- 
133; fruits, 132; inarching 
with, 132, 133, 159; moneni- 
bryonic seeds, 132, 133; cellu- 
lar structure of stems and roots. 
150; root odor, 150; use in 
.Tapan, 171 

Zinc deficiency; correction possi- 
ble, 239; extent of, 328, 356— 
357 ; effect on, of liming soils, 
347-348 ; mottle-leaf, 357, 359 : 
symptoms, 357—358, and treat- 
ment, 356, SCO; zinc sulfate 
spray for, 360 




